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1.0 summary 
The  Lunar  Orbiter V spacecraft  was  tracked 
from the  start of its  extended  mission  on  August 
28,  1967 (GMT  Day  240)  until  it was intention- 
ally  crashed  into  the Moon's nearside on Janu- 
ary 31, 1968 (GMT Day  031). During  this  period, 
the  primary  objectives of selenodetic  data 
acquisition  and  lunar  environment  sampling 
were  accomplished by ranging,  tracking,  and 
spacecraft  telemetry  monitoring. All high- 
priority  secondary  objectives,  which  included 
four special  exercises  and  seven  experiments, 
were  accomplished  prior to  mission  termination. 

From  August  28,  1967 (GMT Day  240)  until 
October 9, 1967 (GMT Day  282),  Lunar  Orbiter 
111, which  had been  inserted  into an Apollo- 
type  orbit, was designated as the  prime  space- 
craft for selenodesy  studies.  Lunar  Orbiters I1  
and V were  tracked  only to  obtain  a  brief  sub- 
system  status  check  during  this  period. 
Following  the  termination of the  Lunar  Orbiter 
I I  and 111 missions,  Lunar  Orbiter V was 
maneuvered to survive  the  October 18, 1967 
(GMT Day  291)  lunar  eclipse.  Selenodesy  data 
were  acquired  approximately  every  three  days 
from October 11,  1967 (GMT Day  284)  until the 
end of the  mission.  Orbit  parameters  before  and 
after  transfer  maneuvers  are  shown in Table 1-1. 

Of significance  in  lunar  environmental  data 
were proton events  skirting on November 1, 
1967 (GMT Day 305) and  December  1, 1967 
(GMT Day  335),  which  caused  increases of 1.5 
and 3.5 rads,  respectively, on the  looper  radia- 
tion dosage  counter.  Five  micrometeoroid  hits 
were  sustained  by  the spacecraft's detectors 
during  the  extended  mission. 

The  special  exercises  that  were  conducted pro- 
vided  the  results  summarized  below. 

On  September 27,  1967 (GMT Day  270)  a 
battery  discharge  test was conducted  after a 
51-day period of constant  overcharge. The test 
was repeated on January  12, 1968 (GMT Day 
012)  after  the  battery  had  experienced  approx- 
imately  750  discharge  cycles. Both tests  con- 
firmed  that  the  battery  characteristics  had not 
been  detrimentally  affected. 
The  maneuver nccurncy  test in the  pitch  and 
yaw axes showed  that the  attitude  control 
subsystem  performed  within  the  nlission 
tolerance of 0.3%. 
Absorptivity and  emissivity  data  on  several 
experimental  paint  samples  were  gathered 
and  used in studies of paint  degmdation 
caused by the  solar  environment. 

Table 1-1: Orbit  Parameter  Summary 

Day 
Event  CMT  Calendat 

~~ 

Start extended 240 Aug 28, 
mission 1 H67 

Eclipse  phasing 
mmeuver 283  Oct  10, 
A V= 67.5  m/sec 1967 

Terminal  trans- 
fer nxuleuver  031 J a n  31, 
A V=20.14 m/sec  1068 

105 I 1,490 I 85 

113 

1,085 199 
85 -~ 

1,489 

164 
___ 2,023 85 
-7.4 

- - - 

Period 
( m i n )  

191 

191 

225 
eclipse  on Day  291 ~ 

Prepare for lunar 

225 Designed for Iunar 
-- impact 
215 

- Impact  time 075808.27 
Lat 2.79" s 
Long 83.04" W 
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0 The performance of the  solar array at  high 
off-Sun angles was measured  dynamically  and 
checked with three  static  points.  The  test 
showed  that  the  array  output  departs from the 
cosine  function  at  higher  angles of incident 
illumination. 

The following  special  experiments  were  per- 
formed to support  the  MSFN  and to obtain 
additional  data of a  scientific  nature. 

The  MSFN  employed  Lunar  Orbiter  V  to 
acquire  two-way  tracking  data,  conduct  time 
correlations,  range,  develop  procedures,  and 
train  network  personnel. The network also 
used  the sp;wecraft to  develop farfielcl antenna 
patterns and in preliminary  qualification of 
the  basic  real-time  computer  complex  (RTCC) 
navigational concepts. 
The  bistatic  radar  experiments  were  con- 
ducted to obtain  information  concerning  lunar 
topography from reflected R F  signals. 
Voice  messages of excellent  quality  were 
rehyed from Earth  through  the  spacecraft  and 
back to Earth. 
Accurate measurements of the occultation of 
the spacecraft's R F  signal were  made 11s an 
independent correlation  point for orbit  deter- 
mination m d  as a possible data source  for 
measuring lunnr  surface clwrxteristics  such 
as conductivity. 

0 Convolu t ion   coding/sequent i~~l   decoding  
experiments  were  conducted to confirm 
theoretical  cdculations ancl  ground  simula- 
tions of this information transfer  technique. 

On  January 21, 1968 (GMT Day 021) the 
spacecraft  was  visually  tracked  from an Earth- 
based  telescope  located  at  the  Lunar  and 
Planetary  Laboratory,  Tucson,  Arizona. 
The spacecraft  was  tracked  in  one-way lock 
by DSS-12 and DSS-41  at  apolune  and  peri- 
lune  to  provide  additional  Doppler  data  that 
might  eliminate  uplink lock as  the  source of 
perilune  residuals  in  the  orbit  determination 
solutions. 

I n  general, all of the spacecraft's subsystems 
performed  satisfactorily  through JLUILIXY 26, 
1968 (Gh.1T Day 026), and from January 29, 1968 
(CMT Day 029) to the  end of the mission. I n  
the  illtervening  period a spacecraft  anomaly 
occurred  that  resulted i n  depletion of the nitro- 
gen  attitude  control gas to an unsatisfactorily 
low level.  The  cause of the situation  could  not 
be conclusively  established.  The out-of-toler- 
ance  conditions  that  were  observed  consisted 
of a shunt regulator  leakage  in the  power  sub- 
system,  which  cleared  itself; gyro drift rates in 
yaw  mcl  roll; and  the  pitch  plus  cleadbmd.  None 
of these  conditions  adversely  affected  the ex- 
tended-mission oper  c 1  t ' Ion. 

Because of the  excessive loss of nitrogen  gas, 
the  spacecraft was maneuvered to a controlled 
impact 01) the  lunar  surface 0 1 1  January 31, 1968 
(GAIT Day 031). Actual  impact was calculated 
to have  occurred  at  07:58:08.27  GMT  at 83.04" 
W longitude and 2 . W  S latitude. 
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2.0 Introduction 
This  volume  describes  spacecraft  control  and 
flight  path  analysis  and  control  operations  con- 
ducted  during  this  extended  mission  and  dis- 
cusses  spacecraft  performance  during  these 
operations.  Complete  data  packages  have  been 
prepared for each  experiment  and  special  exer- 
cise  under  separate  cover  and  forwarded  to  the 
requestor  via  the NASA experiment  coordinator. 
The highlights of each  special  exercise  and 
experiment  are  summarized  herein. 

Transition from the  photographic  mission to the 
extended-mission  phase was completed on Day 
240 (August 28, 1967). All spacecraft  systems 
were  operational,  with the exception of the 
photo  subsystem,  which  had  mdfunctioned 
after  successfully  completing  the  photographic 
mission. The spacecraft WM in a11 orbit  inclined 
85 degrees to the l u n a r  equator with an apolune 
altitude of 1,490  kilometers, a perilune  altitude 
of 105  kilometers, and a period  of  191  minutes. 
The spacecraft was operating in wide  deadzone 
(2.0 degrees) and pitched off the sunline  at  plus 
53 degrees for thermal relief. The communica- 
tions subsystem was operating i n  Mode 111. 

2.1 SPACECRAFT DESCRIPTION 
The 853-pound Lunar Orbiter  spacecraft is 6.83 
feet high, spans 17.1 feet from the  tip of the 
rotatable high-gain dish  antenna to the  tip of 
the low-gain antenna, and mensures 12.4 feet 
;1cross the solar panels.  Figure 2-1 shows the 
spacecraft i n  the flight  configuration  with a l l  
elements fully deployed  (the mylar  thermal 
lx1rrier  is not shown). h4ajor components  are 
attached to the  hrgest of three  deck  structures, 
which  are  interconnected by  a tubular  truss  net- 
work. Thermal  control is maintained b y  con- 
trolling  emission of internal  energy  and  absorp- 
tion of solar  energy  through  the  use of one-inch- 
square mirrors and a special  paint  covering the 
bottom side of the deck structure. The entire 
spacecraft  periphery  above the large  equip- 
ment-mounting  deck is covered  with a highly 
reflective  aluminum-coated  mylm  shroud, 
providing  an  adiabatic  thermal  barrier. I n  addi- 
tion to its structural  functions, the tank deck is 
designed to withstand  radiant  energy from the 
velocity  control engine to minimize  heat losses. 
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Three-axis  stabilization is provided  by  using 
the  Sun  and  Canopus as primary  angular  refer- 
ences,  and  by a three-axis inertial  system  when 
the  vehicle is required  to  operate off celestial 
references,  during  maneuvers,  or  when  the  Sun 
and/or  Canopus  are  occulted  by  the Moon. The 
spacecraft  subsystems  are  shown in  block dia- 
gram form in  Figure 2-2. 

2.2 MISSION OBJECTIVES 
The primary  objective of this  extended mission 
was to secure  information  that  could be used to 
increase  scientific  knowledge of the  size ant1 
shape of the Moon, the  properties of its gravita- 
tional  field,  and  the l u n a r  environment.  See- 
ondary  objectives  were to conduct  special ex- 
periments and exercises, and explore  the  use of 
Lunur  Orbiter  subsystems for other  applications. 
During  this  extended Inission the  following 
exercises  and  experiments  were  included. 



Camera  Thermal Micrometeoroid 
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Figure 2-1 : Lunar  Orbiter  Spacecraft 
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Figure 2-2: Spacecraft Subsystems 

Muneuuer uccnrucy test to  determine the 
maneuver  accuracy of the  attitude control 
subsystem. 

2.3 OPERATIONAL ORGANIZATION 
The extended  mission of Lunar  Orbiter V was 
conducted  using  a  centralized  method of con- 
trol from the  Space  Flight  Operations  Facility 
at  Pasadena,  California,  that  was  similar  to  that 
adopted for the  photographic  missions. Primary 
differences between  extended  and  photographic 
nlission activities  are  described in the following 
paragraphs. 

Manning  at  the  SFOF  and  at  the DSS's was at  a 
significantly  reduced  level  during  the  extended 
mission  than during  the  photographic  mission. 
Manning  at  the DSS's was reduced  by  limiting 
the MDE personnel  to  the  Senior  Lunar  Orbiter 
Engineer  (SLOE)  provided  by  the  DSN.  During 
the  photographic  mission,  the  additional  serv- 

ices of a video  engineer,  assistant  SLOE,  MDE 
systems  engineer,  supporting film processing 
personnel,  and  telemetry  operators  were  re- 
quired.  Manning  at  the  SFOF was reduced in 
several  areas. The NASA mission  advisors  were 
no  longer  required;  however, a small NASA 
scientific  team  located  at  the  Langley  Research 
Center was nvailable for selenodetic  studies  and 
consultation. The Mission Director d s o  was no 
longer  required  at  the SFOF, but was  available 
at  Langley for key  decisions.  It was possible  to 
reduce  the  size of the  operational  teams  because 
of shorter  tracking  periods  and  a  decrease in the 
level of operational  activity. For those  periods 
of increased  activity  such as preparation for and 
during  a velocity maneuver,  personnel from the 
contractor's  facility were  sent  to  the SFOF to 
augment  the  extended-mission  team.  During 
long  (but  infrequent)  tracking  periods  such as 
MSFN  tracks, which  lasted  up  to 28 hours, the 
extended-mission  team was also augmented  by 
personnel from the  contractor's  facility. 
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A list of the  manning  provided by the contractor 
at  the  SFOF for extended-mission tracks is 
shown  below.  In  addition  to  these  personnel, 
the  space  flight  operations  director  and  a  re- 
duced (from the  photographic  mission)  comple- 
ment of JPL  personnel  such as  track  chief and 
communications  personnel  were  required to 
support  the  tracking  periods. 

Assistant  space  flight  operations  director 
SPAC 
1) Colnnm~d programmer  analyst 
2) Attitude  control  analyst 

3)  Powerhhermal  analyst 
4) Communications  system  analyst 
5) SPAC  software  analyst 
6) Photo  subsystem  analyst 
7) Command  coordinator 
DACON 

FPAC 
Data  controller 

1)  Flight chief 
2) Orbit  determination  analyst 
3 )  Guidance  analyst 
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3.0 Flight Operations 

An extended-mission  flight  operations  plan was 
developed  within  the  constraints of (1) DSN 
commitment for tracking  coverage, (2) nitrogen 
gas available for attitude  control, ( 3 )  preserva- 
tion of capability  for  positive  nlission  termina- 
tion (lunar  impact),  and (4) maximization of 
selenodesy  data  acquisition. 

The tracking  commitment  during  the  first 30 
days consisted of a track every  other  day of 
three  orbits'  duration  (approximately 11 hours) 
to be shared b y  the  active  spacecraft. After the 
first  30-day period,  the  tracking  commitment 
was reduced to a two-orbit  track  (approximately 
7 hours)  every  third clay. In  addition,  three tracks 
per  month, on an average,  were  extended to 
approximately 27 hours'  duration to support the 
MSFN effort. 

The spacecraft  had 5.4  pounds of nitrogen  at 
the  end of the photographic  mission,  which was 
enough to complete a nominal  11-month ex- 
tended  mission  with  the  experiments  and 
special  exercises  then  specified. At that  time it 
appeared thilt Lunar  Orbiter I1 could  complete 
an 1l-month  extended mission if maneuvering 
were  limited;  Lunar  Orbiter 111 ulso had  prom- 
ise of getting  almost 11 nlonths of extended 
mission i f  nx~neuvering  were  limited. The wide- 
;lttitutle control  deadzone, 2.0 degrees, w x  
used  whenever  possihle to conserve the supply 
of nitrogen gas. Thernld control of the  space- 
craft was maintained b y  using  the  appropriate 
off-Sun angle  within  power  constraints.  Gyro 
drift, m c l  the need to keep  spxecrdt  tempera- 
tures  within  satisfactory  operating  limits  were 
the  prime  considerations in determining off- 
Sun angle  and the update  cycle  stored in the 
flight  programmer. 

In  the  initial  shge of the  Lunar  Orbiter V ex- 
tended  mission,  Lunar  Orbiter 111 was  inserted 
into an Apollo-type orbit. As this  nearly  cir- 
cular  orbit  could  provide  significant  new 
selenodesy  data,  Lunar  Orbiter I11 was  desig- 
nated  the  prime  spacecraft for tracking  purposes 
and  MSFN  support.  During  this  period  Lunar 
Orbiter V and  Lunar  Orbiter I1 were tracked 

briefly  during  each pass to  determine  subsystem 
status. Lunar  Orbiter V, however, was used to 
support  the  voice  relay  experiments  during  this 
early  extended-mission  phase. 

Preparations  for the  October 18 lunar  eclipse 
consisted of terminating  the  extended  missions 
of Lunar  Orbiters  I1  and I11 and  orbital  phasing 
of Lunar  Orbiter V. At that  time,  the  propellant 
remaining was inadequate  to  alter  the  orbital 
geometry  sufficiently to survive  the  eclipse, 
maintain an impact  reserve,  and  prevent  the 
predicted light-to-dark  ratio from discharging 
the battery  after  Day  121 ( reference  pragrayh 
S.2.3.4). The plan was therefore  modified to (1) 
survive the eclipse,  (2) perform dclitional e x -  
periments  commensurate with the time and 
nitrogen gas available,  and (3) monitor the 
actual m d  predicted  perilrlne altitucle to tleter- 
mine the  htest impact  opportunity. 

Implementatiol~ of the flight plan was ;~ccoln- 
plishecl b y  operations  directives,  which  were 
prepared for each  tracking  period and defined 
the  support  requirements  and the sequence of 
events to be followed. The prilnary considera- 
tions  used i n  preparing  these  directives 
included: 
0 Amount of nitrogen :lv:lilal)le for attitude 

control; 
0 Thermal Ilistory a n t l  temperature trends; 
0 Electrical  power loads antl  arr;~y c:lpal)ility 

Requirements for special  exercises m t l  ex- 
at various off-Sun angles; 

periments. 

The spacecraft  was  operated  according to the 
flight p l a n  until Day 029 (January 29), when  the 
nitrogen gas supply was discovered  at  DSS 
acquisition of signal  to be below the s d e  oper- 
ating  level. At that  time, the perilune  altitude 
consideration  predicted mission  termination  in 
late  February  or  March.  Because of the low 
nitrogen  supply,  however, the spacecraft  was 
maneuvered for ;I controlled  impact on the near- 
side of the lunar  surface  at the earliest  oppor- 
tunity, Day 031  (January  31). 

7 



3.1 SPACECRAFT CONTROL 
Until the missions of Lunar  Orbiters I1 and I11 
were  terminated,  spacecraft  control  required 
that  multiple-spacecraft  operation  techniques 
be used  to  avoid  interference  with  other  extend- 
ed-mission  spacecraft  using  approximately  the 
same  best-lock  frequency.  Multiple-spacecraft 
operation  was  accomplished by  a  variety of 
techniques,  including  tracking  at offset fre- 
quency  to  prevent  the  acquisition of an  un- 
desired  spacecraft,  programming  command 
transmission to occur  when  secondary  space- 
craft were  occulted from the  Earth,  and  delay- 
ing  command  transmission  until  inadvertent 
uplink lock was prevented  by  orbital  geometry. 
In  addition,  the  secondary  spacecraft  were 
tracked for a  brief  period,  after  all  command 
activity on the  prime  spacecraft  had been com- 
pleted, to verify flight  programmer  operation 
and to monitor  other  subsystem  status. After 
the  other  missions  were  terminated,  special 
control techniques  were  no  longer  required  or 
used. 

After spacecraft  acquisition,  real-time  telemetry 
readout was obtained  at  the SFOF via high- 
speed data  line  and 6O-wpm teletype. The 
telemetry  data  were  processed in  real time by  
an IBM 7044 computer  or  in  conjunction with 
an IBM 7094 computer,  and  then  displayed  on 
100-wpm  teletype  machines, X-Y plotters,  and 
bulk printers for analysis. 

Commands  used to change  the  spacecraft 
programmer  memory  were  normally  generated 
by the  COGL  program,  sent  to  the  DSS,  and 
transmitted  to the  spacecraft.  Such  programmer 
commands  were  used  to  perform  housekeeping 
functions and to conduct  experiments  and  spe- 
cial exercises. The programmer  maps  were 
supplemented  by  RTC  updates as required, 
which  did  not  necessitate  use of the  COGL 
program. 

3.1.1 Command Activity 
Initially,  the  programmer  core map used to 
update  the  Sun  reference  consisted of acquiring 
the  Sun  every  72  hours  and  pitching  plus  53 
degrees for thermal  relief. As shown in Table 
3-1, this  map was revised on Day 242, and  at 
other  times  during  the  course of the  extended 

mission  as  required,  to  compensate for changing 
gyro drift  rates  and  thermal  conditions. The 
table  also  shows  real-time  jump  commands  that 
initiated  stored-program  sequences for special 
activities,  such  as  Sun  occultation  recording, 
and  which  returned  the  programmer  to  the 
cruise  map. 

Real-time  commands  were  employed  to  supple- 
ment  stored  sequences  whenever  the  desired 
spacecraft  activity  was  not  sufficiently  predict- 
able  to be stored  or  when  a  spacecraft  reaction 
had to be evaluated  prior to proceeding to the 
next  command. Virtually  all activity  concerned 
with star  acquisitions was accomplished b y  
real-time  commands due  to  the  possibility of 
interference by  glint with the  star  tracker  oper- 
ation.  Real-time  commands  were  also  typically 
used to overstore  discrete  programmer loc. ‘I t’ Ions, 
to rotate  the  high-gain  antenna,  to  cycle  the 
star  tracker  on and off to break lock on  glint, to 
initiate  velocity  maneuver  sequences, a s  a 
backup  terminate for velocity maneuvers,  and 
to orient  the  spacecraft as dictated b y  real-time 
situations. 

A total of 670 RTC’s and A total of 241  SPC’s 
were  executed  during  the  extended  mission. 

3.1.2 Spacecraft  Telemetry 
A total of 471.6  hours of telemetry  data was 
processed for 65  Lunar  Orbiter  V  tracking 
passes.  Table 3-2 contains a summary of telem- 
etry  data by  station  and  includes a listing of the 
significant  activities  accomplished  during  each 
pass. The DSS-14 and DSS-72  ranging  check- 
outs  listed in Table 3-2 consisted of two-way 
tracking and  ranging by the  stations in  prepara- 
tion for Mariner  ’67  activities. 

During quick-look  tracking periods  the  space- 
craft was analyzed to determine  subsystem  per- 
formance. Of primary  interest was the  detec- 
tion of detrimental  spurious  comnxmds  that 
may have  been  received  during  command 
transmissions to mother spacecraft.  When 
possible,  the  quick-look  tracking  periods  were 
scheduled to make  possible  the  observation of 
predicted  events  such as  sunrise,  sunset,  and 
earthset  to  evaluate  the  validity  and  error 
magnitudes in the  current  predicted  orbital 
parameters. This information was used to up- 
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Table 3-1: Programmer Core Map Summary 

Time  Transmitted Time  Spul 
to spacecraft Effectivity 
Day:Hr:Mn  Day:Hr:Mn/Day:Hr:Mn 

Map 
Number Purpose 

COGL 
Run 

Numbe 

239:22:55/240:00:00 Flight  plan-(acquire  Sun, wait approximately 60 min,  pitch  plus 238-02- 
53", wait approximately 72 hours, repeat) 

~~ ~~~ ~~ ~~ ~~~ 

244: 13:45 240:00:00/260:00:00 New flight plan (acquire  Sun, wait approximately 60 min, pitch 254-02 
minus 53", wait approximately 72 hours, repeat) 

60 264:07:49 260:00:00/270:00:00 New flight plan-(acquire Sun, wait approximately 60 min,  pitch 264-OOC 
minus 53", wait approximately 49 hours, repeat) 

I 

61 270: 10: 16 270:00:00/871:00:00 1) Battery discharge  test 270-01P 

270: 10:39 2. Antenna rotation sequences 

63 270: 18:57 3) Revise flight plan to pitch minus 50" on Days 272,274  and 276 
only 

64 "" 271:00:00/280:01:02 Reflects  RTC jump command 274-02 

165  283:02:47 280:01:02/283:04:00 Preparations for lunar-eclil~se-phasing velocity maneuver 283-01 
~~ ~~ 

65 Update 283: 17:06 283:04:00/284:00:00 Parameter update for velocity maneuver 283-02 

66 291:  12:  14 284:00:00/295:00:00 Lunar eclipse emergency  sequences  (transmitted to spacecraft, 291-01 
but not used  during  lunar  eclipse) 

" "" 295:00:00/310:00:00 Reflect RTC jump command 296-01 

66U & 321:19:20 310:00:00/.33S:00:00 1) Reflects  four  RTC jump commands~ 324-01 
RTC JMP 2) Over stores lunar eclipse  emergency  sequences (IRU off, etc) 

" "" 335:00:00/33,5:00:00 Reflects four  RTC jump  co~nmands 340-01( 



Table 3-1 (Continued) 

Map 
Number 

Time  Transmitted Time  Span 
To Spacecraft Effectivity 
Day:Hr:Mn  Day:Hr:n/In/Day:Hr:Mn 

Purpose 
COGL 

Run 
Number 

57 345:20:44 345:00:00/346:00:00 Sequence to configure the programnler to store Sun occultation 347-01A 
times 

38 349:22:30 346:00:00/360:00:00 Reflects real-time jump  conlmmds  and TWTA "off'  sequence 355-01 
for MSFN p a s s  

"" 360:00:00/365:24:00 Reflects re;d-time jump  commands 361-01 

38 Update  009:00:43  365:24:00/010:00:00  Extends  Sun  occultation  sequence  and  reflects RTC's  373-01 

380-01 

._ "" 016:00:00/020:00:00 Reflects RTC's 383-01 

024:09:43/025:00:00 Reflects RTC's 
~ ~ ~~~ 

024-0 1 

029-0 1 

72 Update  031:04:38  030:00:00/031:07:59 Termild velocity maneuver 



Table 3-2: Spacecraft Telemetry Summary 

Day 

242 

242 22:30-22:50 

~- 

02:47-03~05 
~~ 

~ -~ 

243 00:40-01:OO 

243 04:46-05: 18 
.~ ~. - 

Deep  Space  Station Activities 

62 * 

~~ ~ 

244 13:31-1-13:53 12 

248 15:50-16~04 62 a .  DSS 14 planetary  ranging  checkout 

* 
- .~ __ 

15:50-18:55 14 b *  
18:00-18:40  12 

~- 

250  18:03-18:45  62 

253 07: 13-07:S5 41 

Y 

- 

* 
.~ 1 254 

. .  

18: 10-18:a50 62 I: 

I 274  12:06-18:20 

11 
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Table 3-2 (Continued) 

Period 
(GMT) 

Deep Space  Station Activities 

I 275 
11:04-17:OO 62 a. Voice  relay experiment 
17~12-21:OO 12 b. Selenodesy 

276  12:06-17~31  62 
13~32-24:OO 12 
20~45-23~05  41 

a.  Voice  relay experiment 
b. Selenodesy 

I 277  14:Ol-17:  19  62 DSS 72  ranging  checkout 

I 279 07:25-08:OO 41 * 

I 282 10:36-10:42  41 * 

282 18:OO-21~20 62  Selenodesy 

283 02:33-06:OO 41 
282-283 21:OO-05:03  12 

E i 8 4  
14~52-22:39  62 

12 
41 

a. Lunar-eclipse-phasing velocity 
maneuver 

b. Selenodesy 

I 284 07:  15-07:20  41 * 

286 16:45-21:OO 62  Selenodesy 

289 11:OO-14100 41  Selenodesy 
~- ~. " - . ~" -~ ~ 

" . ~~ ~ 

29 1 05:Ol-13:23 12  a. Lunar  eclipse  monitoring 
09103-15:32  41 b. Selenodesy 

. -" ~~ -. 

294 19:35-21:41 62 * 

296 14:OO-16:50 41  Selenodesy 

300  14:03-20:48 12 a.  Selenodesy 

~ ~~ 
~~~ ~ 

~ 

17:38-24:OO 41 b. Paint  degradation  test 

303 12:Ol-15:26  62 Selenodesy 
. ~ "~ . .. ~ ~" 

12:Ol-22:28  12 
. - ~~ 

305-306  22~04-00: 15 12 Selenodesy 
22:04-08:OO 41 

309 11:39-19:20  62 Selenodesy 
~~ ~ ~ .~ ~ 

_ _ _ _ _ ~  -~ 

18~33-19:20 12 



Table 3-2 (Continued) 

318  17:15-18:24 
318-319  17:  14-00: 11 

___~ ~~ 
-~ 

320-321 18:06-01:OO 
32 1 01~37-13:38 

10:05-19:47 

324 14~01-22:OO 

325  07~02-17:OO 
324-325  21:50-10:13 

14:32-17:00 

00:04-12:26 a .  MSFN 
12:OO-20:29 62 11. Selenodesy 

339-340 i9:20-04:30 12 
340 OO:52-04:30  41 

340-341  19:57-05:28 
34 1 00:48-14:07 

349 17:Ol-23:56 

352-353 19:07-09:04 
353 03:42-15:50 
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Table 3-2 (Continued) 

Day Period 
(GMT) 

Deep  Space  Station Activities 

355-356  22~02-00:20  41  Selenodesy 
22:02-05:OO 62 

~- - 

36 1 05:Ol-11:48 62  Selenodesy 

363 21:  18-22:43  12 Selenodesy 
~. - -~ - .- 

~ ~~ 

363-364  21:  18-03:45  41 
_" . .  

002 12:00-19:00  62 Selenodesy 
17:28-19:OO 12 

1o()5-006 19307-01:OO 12 Selenodesy 

r- 008-009 20: 37-0 1 : 00 12 21. Selenodesy 
b. Maneuver  accuracy  test - pitch 
and yaw 

~~ ~ ____ ~~ 
. .  ~~ 

012 17:24-23:45  62 a .  Selenodesy 
. .  

b. Paint  degrxlation  test 
c.  Solar  array  performance test 
d. Battery  discharge  test 

~. 

015  03 : 00-06 : 58 
~~ . . ~~ ~ . .  ~~~~~ ~ 

62 a .  Selenodesy 
03:OO-12:31 12 b. Convolutional  coding  experiment 

~. ~ ~~ ~~ ~ ~. . . . - - . . . 

018  04:  04-08; 00 62 a. Selenodesy 
04:12-14:OO 12 b. Convolutional  coding  experiment 

c. Visual observation  experiment 

a .  Selenodesy 
L ~~ 

02 1 06~53-10:22 
~ " - . . .  

62 
.. ..__ 

0656-14:30  12 b. Visual observation  experiment 
~ " ~. . ~ - .. 

024 09:27-11:58  62 a. Selenodesy 
10:34-19:37 12 b. Bistatic radar experiment 
14~10-19:37 14 

~ ~~ ~ 
" ~.~ "" ~~ ~ -~ 

026  14:Ol-20:50  12 a .  Selenodesy 
b. Convolutional  coding  experiment 

~~ 
- 

029-030  15:16-00:50 12 a .  Selenodesy 
21:25-09:13  41 11. MSFN 

030  08155-18~06 62 c.  Dol)pler  residual  (perilune) 
030-03  1 16:Ol-02:04 12 experiment 

03 1 06:OO-07:58 51 tracking 
22: 12-07358 41 d .  Postterlninal  velocity  maneuver 
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date  the  DSS  predict  information  just  prior  to 
each  tracking  period. 

Problems  encountered,  such  as  minor  communi- 
cations  outages and  computer  internal  re- 
starts, were  typical of those  experienced  during 
the  prime  missions.  Standard  workaround 
methods,  such  as  processing of TTY data  and 
use of raw  hexidecimal  data,  were  employed 
to minimize  data  problems. The communica- 
tions  processor  caused  the  raw TTY data to 
lag  behind real time,  which  resulted  in fre- 
quent  deletion of data  in  order  to  return  to 
real  time. 

A data  and alarm summary  (DATL)  containing 
a majority of the  telemetry  channels for each 
frame was processed for all  tracking  passes to 
provide a permanent  record of the  telemetry 
data. 

3.2 FLIGHT  PATH  CONTROL 
Flight  path control of the  spacecraft  during  the 
extended mission is the responsibility of the 
FPAC  portion of the  flight tewm. The functions 
carried  out b y  this  team  are  identical to those 
during  the primary  mission (i.e., tracking  data 
editing,  orbit  determination,  and  guidance 
maneuver  calculations). The processes  used to 
perform these  functions  are  the  same a s  in the 
prime mission, except  that c1;ltn cluantity is 
less clue to decreased  twcking  time. 

3.2.1 Tracking  Data  Editing 
Tracking  data  editing is the  process of monitor- 
ing,  analyzing, and  judging the quality of the 
Doppler and range  radar  tracking  data trans- 
mitted to the  SFOF from the  DSN.  The  data, 
provided by three DSN stations - Madrid, 
Spain  (DSS-62);  Woomera,  Australia  (DSS-41); 
and  Goldstone,  California  (DSS-12) - are of 
three  types:  continuous-count  Doppler,  ranging 
units,  and  antenna-pointing  angles.  The  point- 
ing  angles  were not used  because of the smidl 
arc  traversed by the spacecraft  in  lunar  orbit. 
Table 3-3 is a summary of the tracking  data  ob- 
tained  during  the  extended  mission.  Computer 
programs TDPX  and  ODGX  were  used to edit 
and  process  the  tracking  data.  Tables 3-3 and 

-4 provide  information  used for this  editing  and 
processing.  Table  3-5  contains  a  list of  master 
file (tracking  data)  tapes  generated  by  TDPX; 
both  tapes  sent to Langley  Research Center 
and  those  kept  in  the  Jet  Propulsion  Laboratory 
tape  library  are  listed. 

3.2.2 Orbit  Determination 
Orbit  determination is a  best-fit  technique of 
computing  the  spacecraft trajectory from actual 
tracking  data. The computer program used  dur- 
ing  the  extended  mission,  identical  to  that  used 
during  the  primary  mission, is identified as 
ODPL  and calculates  orbit  determinations from 
the tracking  data  prepared  by  the  editing pro- 
grams. ODPL  uses a  seventh-order  spherical 
harmonic  expansion of the  lunar  potential field. 
NASA provided  the  coefficients for the  lunar 
model  on J U I Y  28, 1967 (see  Table  3-6).  The 
following  general  procedures  were  used in the 
orbit  determination  procedures. 

0 Use  at  least  two  orbits of Doppler &ta. Both 
two-way (CC3)  and  three-way (C3)  Dol)l)ler 
are to be  used with  data  weights of 0.1 cycle 
per  second. 
Use Doppler  data from at  least  two  different 
stations  when  available. 
Use  range  units  calculated  only for visual 
assistance of the determin. ‘1 t ’  1011. 

Do not  use  perilune  data i n  the  determina- 
tion. This can be accomplished by omitting 
a l l  data from 20 minutes  before to 2O minutes 
after perilrlne. After ODPL converges to a 
soltltion,  the  perilune  data  are to Ile restored, 
but a rejection  sigma of 0.1 cycle 1)er second 
effectively is to be used to keep  these  data 
from being  used. 

0 Converge  on a solution for state vector and 
Doppler  bias;  then  converge on a solution 
for state  vector,  Doppler  bias,  and  eight  or 
ten  high-order  harmonic  coefficients. 

0 True anomaly of spacecraft  at  epoch 11s close 
to 180 degrees  (apolune) as possible and  keep 
sufficient  data for a good  orbit  determination. 

The Keplerian  state vectors resulting from the 
orbit  determination  are  summarized in Table 
3-7. Table  3-8  describes  the  data  used in each 
determination  and  the  resulting  data  statistics. 
Figures  3-1  and -2 show  the  calculated  orbital 
elements  versus  time. 
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Day 
of 

Pass 
239 
239 

239 
239140 

239140 
240 
270 
270 
274 
274 
275 

275 

276 

276 

276 
282 

282 
28213 

s ta 

62 
12 

41 

41 
62 
62 
12 
41 
12 
62 

62 

12 

62 

12 

41 

62 

12 

Table 3-3: Tracking  Data  Summary 

Type 
c c 3  
c3 
cc3 
c3 
cc3 
c3 
cc3 
cc3 
c3 
c c 3  
c 3  
cc3 
c3 
c 3  
c c 3  
cc3 
c 3  
c3 
c c 3  
c 3  

c c 3  
c3 a 

c3 
cc3 

- Start 
Time 
08:Ol 
08:Ol 
09:38 
17:43 
19: 11 
23:03 
01:35 

10: 17 
16:57 
12:08 
16: 19 
11:08 
13:04 
12:45 
13:04 
12: 10 
14: 16 
13:40 

14: 13 
20:45 
18:04 
21: 15 
21:02 
21: 15 

Doppler 

Stop  Amount 
Time 
08:57 
08:57 
18:30 
18:30 
00: 52 
00: 52 
02:24 
20:29 
20:29 
16:40 
16:40 
13:OO 
17:OO 
13:OO 

21:oo 
14: 10 
17:30 
14:06 

23:48 
23: 00 
21: 10 
21: 19 
21:08 
05: 00 

- 

- 

(hrs) - 
0.94 
0.94 

8.55 
0.58 
4.85 
1.76 

0.82 
8.35 
3.52 
3.75 
0.35 
1.86 
3.78 
0.25 

7.94 
2.00 
3.22 
0.44 

8.42 
2.08 
2.42 
0.06 
0.10 
6.92 

- 

Trans- 
mitter 
“on” 
Time 

08:Ol 

09:38 

19: 11 

01:35 
10: 17 

12:08 

11:08 

13:04 
12: 10 

14: 13 

18:04 

Start 
Time 
I 

17:54 

16:51 

19: 50 

- 

Ranging 

Stop Amount 
Time - 

18:56 

21:oo 

22:45 

- 

(hrs) 

0.95 

3.55 

1.46 

Trans- 
Sta ponder 

Delay - 

N.A. 

N.A. 

N.A. 

‘emp OF - 

65 

73 

72 

- 

- 

“Syn- 
Freq. 

5100 
i 

- 

I 
5 100 
5660 
5660 
5640 
5300 
5640 

A 

11 

5640 

- 
*Synfreq=204XXXX.O 



Table 3-3 (Continued) 

T Ranging 

Stop Amount 

Trans- 
mitter 
“on” 
Time 

Trans- 
Sta ponder 

Delay Temu O F  

Day 
of 

Pass 

283 

283 

283 
28314 

284 
29 1 

291 

294 
296 

300 

300 

303 
303 

305/6 
30516 
309 

Stop Amount Start 
Time 

“S yn- 
Freq 

5640 
5640 
5640 
5650 
5640 

5640 
5300 

- Start 
Time 

02:38 
05: 05 
14:53 

18:OO 
22:Ol 
22:  14 
04: 15 
03:40 
05: 03 
11:37 

09: 05 
11:38 
20:32 
14:02 

14:07 
19:55 
17:39 

19:53 
12:34 
12:43 

14:57 
22:  07 
22: 06 
11:42 

- 

- 

s til 
41 
- 

62 

12 
12 

41 

12 

41 

62 
41 
12 

41 

62 
12 

12 
41 

62 

- 

Type 
c3 
cc3 
c c 3  

- 

c3 
c c 3  

c3 
cc3 
c 3  
c3 
cc3 
cc3 
cc3 
cc3 
c3 
c3 
cc3 
cc3 
c3 
cc3 
c 3  
c c 3  
cc3 
- 

Time 

04:56 
05: 58 
18:OO 

22:  10 
22: 08 
04: 14 
05: 07 
04: 13 
11:04 

13:20 
11:04 
15:32 
21:37 
16:46 
19: 50 
20:47 
19:  47 
24:OO 
14:35 
14:45 

22: 22 
00: 15 
07: 58 
19: 20 

- 

- 

(hrs) 

2.25 
0.88 

5.84 

0.08 

6.84 

0.55 
5.32 
1.70 
1.98 
3.34 
1.08 
2.00 
5.72 
0.86 
2.16 
4.12 
1.92 
1.90 

6.64 
2.12 
9.66 
5.62 

7 

- 

Time (hrs) - 

1.65 

5.64 

0.65 
5.25 

3.60 
1.58 

5.46 

7.00 
4.34 - 

05: 05 
14:53 
14:53 

22:  14 
22: 14 

05: 03 

11:38 
20:32 
14:  02 

14:07 

19:53 
12:34 

14:  57 

22: 06 
11:42 

7 

19: 53 

22:34 

14:24 

14: 13 

20: 06 
12:55 

15:56 

00: 40 
11:55 - 

21:32 

04:  12 

15:02 

19:45 

24: 00 
14: 05 

22:22 

07:58 
19:20 

65 

68 

72 

78 

82 
58 

64 

68 
58 

280 

280 

297 

290 

292 
284 

283 

288 
279 

0 51 

I 5640 

- ;x .o 



Table 3-3 (Continued) 

Day 
of 

Pass 

309 
312 

312 
315 

315 

318 
318/9 
320 
320/ 1 
32 1 

32 1 

324 

32415 
325 

325 

s ta 

12 

62 
12 
41 

- 

62 

41 

62 
62 
62 
12 

41 

41 

62 
62 

12 

- 

L 

I 

Type 
c3 
c c 3  
c3 
c c 3  

c3 
c3 
cc3 
c 3  
cc3 
c c 3  

c3 
C3 
c c 3  
c 3  

c3 
cc3 
cc3 
c3 
c3 
cc3 
c 3  
c c 3  
c 3  
cc3 

- 

- 

StMt 
Time 

18:36 
1549 
21:oo 

1500 
16:30 
15:03 
16:35 
17: 17 
17: 16 
18: 10 
20: 02 
01:47 
08: 13 
13:OO 
10: 05 
12:57 
14:05 

16: 53 
21:55 
03: 20 
03: 42 
06: 13 
07: 12 
07: 10 

Doppler 
Trans- 
mitter 

Time 

19: 20 
22: 43 

22:4S 
16:30 
16:57 
16:25 
22: 00 
18:25 
00: 12 
19:48 
00: 59 
08: OS 
12: 15 
13:37 
12: 15 
1947 
16:48 

22: 00 
02: 43 

03:38 

06: 05 
06:29 
10: 13 
14:OO 

- 

- 

(hrs) 

0.72 
6.90 
1.75 
1 .so 
0.45 
1.86 
5.42 
1.14 
5.92 
1.64 
4.20 
5.66 
3.34 
0.62 
2.16 
6.00 
2.08 
4.48 
3.68 

0.30 
2.25 
0.26 
2.88 
6.25 

- 

- 

“on” 
Time - 
15:49 

1500 

16:35 

17: 16 
18: 10 

08: 13 

12: 57 
14:05 

03: 20 

06: 13 

07: 10 

- 

Start 
Tim  e 

1556 

15: 12 

16:37 

17:28 

13:07 

07: 13 

Time - 
22:43 

16:23 

22: 00 

00: 08 

13:39 

13:58 

(hrs) - 
6.60 

1.08 

5.38 

4.95 

0.54 

5.50 

- 
320 

302 

287 

290 

298 

274 

Trans- 
Sta ponder 

Delav  Temp O F  

*Synfreq=204 S 

62 

57 

55 

62 

62 

65 

xx.0 



Table 3-3 (Continued) 

~ 

325 
325 
326 

326 
327 

33 1 
33 1 
333 
333 
335 

335 

339 

339 

339 
339/40 

340 

S ta 

12 
41 

41 
62 
62 
62 
12 
62 
12 
62 
12 

- 

41 

62 

12 
12 
41 

Type 

c3 
cc3 
cc3 
c3 
c c 3  

cc3 
c3 
c c 3  

c3 
cc3 
c 3  
c c 3  
cc3 
c3 
c c 3  
c3 
c 3  

cc3 
c 3  
c c 3  
c3 
c 3  
cc3 
c 3  

- 
Start 
Time 

14:36 
14:36 
21:48 
21:53 
00: 18 
06: 35 
10:23 
07:  34 
12:23 
13:31 

14:52 
17:06 
00: 06 

01:05 

06: 03 
07: 02 
12:oo 

15: 43 
17:03 
19: 23 
19:43 
19:32 
1942 

00: 56 

- 

- 

Time 

16: 58 
17:OO 
23:58 
23: 58 
05:28 
13:51 
13:50 

14:48 
14:46 
15:56 
15:55 
23:  18 
00: 58 
05: 56 
06:27 
1225 
15:33 

16:  58 
19: 15 
15438 
20:29 
19: 35 
04:29 
04: 29 

(hrs) - 
2.34 

2.38 
2.18 

1.98 
4.96 
7.28 
3.45 

6.42 
1.35 
2.42 
1.06 
3.64 
0.86 
4.84 

0.40 
5.38 
3.55 
1.25 
2.20 
0.25 
0.76 
0.04 
8.80 
3.54 

- 

Trans- 
mitter 
“on” 
Time - 
14:36 
21:48 

00: 18 
06: 35 

07:  34 

13:31 

17:  06 
00: 06 

06: 03 

15:43 

19: 23 

19:  42 

- 

Start 
Time 

14:44 
22:03 

00:24 
06: 44 

07:45 

15:36 

16: 15 

19:50 

Ranging 

Stop Amount 
Time 

15:59 
23:57 

05: 28 
13:51 

14:48 

15:55 

16:45 

03:40 

- 

(hrs) 

1.26 
1.80 

4.14 

5.25 

5.75 

0.32 

0.50 

7.42 

- 

Trans- 
Sta ponder 

Delay Temp OF - 
299 
295 

280 
280 

292 

280 

278 

258 

- 
65 
59 

59 
62 

63 

83 

68 

66 

- 
“Syn- 
Freq. 

5640 
- 

IO 



Table 3-3 (Continued) 

f.3 
0 

Day 
of 

Pass s til 
340/ 1 

34 1 

34 1 

34 1 

345 
349 
352 

353 

353 

355 
356 
355 
356 

36 1 
363 

12 

12 

41 

62 

62 
62 
62 

62 

12 

41 

41 
62 
62 
62 
12 - 

TYW 
cc3 
c3 
cc3 
c3 
c3 
cc3 
c3 
c3 
cc3 
cc3 
cc3 
cc3 
c3 
cc3 
c3 
c3 
cc3 
c3 
cc3 
c3 
c3 
cc3 
cc3 
c3 

Start 
Time 

20: 00 
21:02 
02: 02 

04: 40 
01:22 
04:37 
1 1 : O l  
18: 19 
22: 02 
15:22 

17:06 
22:03 
23: 12 

03:43 
07:  26 
03:45 

07: 26 
11:09 
22: 04 
00: 05 
22:05 
00: 05 

05: 05 
21: 19 

Doppler 

Stop  Amount 
Time 

21:oo 
02: 00 
04: 30 
05:27 
04:23 

10:58 
12: 17 

21:58 
22: 40 
22: 07 
23: 52 
23: 08 
23: 23 
06: 55 
09: 03 
06: 53 
10:43 

13:30 
23: 58 
00: 14 
23: 58 
04: 55 
11:48 
22:40 

- 

- 

(hrs) 

0.88 

4.90 
2.46 
0.78 
2.98 

6.35 
1.36 
3.64 
0.64 
6.25 

6.42 
1.08 
0.18 
3.20 

1.60 
3.14 
3.28 

2.34 
1.92 
0.15 
1.88 
4.84 
5.75 
1.35 

- 

Trans- 
mitter 

Time 
"on" 

20: 00 

02: 02 

04:37 

22: 02 
15:22 
17:06 

22: 03 

03:43 

07:26 

22: 04 

00: 05 
05: 05 

T Start 
Time - 
02: 09 

05: 38 
09: 15 

22:21 
15:34 
17: 13 

04: 14 

08:07 

23: 08 

01:oo 
05: 15 

Ranging 

Stop  Amount 
Time 

04:23 

06: 13 
10:58 

22:38 
22:06 
23: 52 

06: 02 

10: 43 

23: 58 

04: 53 
11:38 

(hrs) - 
1.94 

0.68 
1.74 

0.28 
4.26 
4.54 

1.80 

2.54 

0.74 

2.05 
3.68 

Trans- 
Sta ponder 

Delay  Temp "I - 
277 

299 
299 

N.A. 
N.A. 
266 

283 

N.A. 

297 

284 
28 1 

"Syn 

68 

68 
68 

68 
65 
67 

71 

71 

65 

65 
66 

- 
:q=204 

T 
FI 

"Syn- 
Freq. 

5640 
A 

- 

! 

5640 

- 
M . 0  



Table 3-3 (Continued) 

Day 
of 

Pass 

36314 
002 
002 
00516 
00819 
012 
015 
015 
018 

018 

02 1 

02 1 

024 

024 

- 024 

s ta 

41 

62 
12 
12 
12 

62 
12 
62 
12 

- 

62 

12 

62 

62 

12 

12 

- 

Type 
c c 3  
cc3 
c3 
cc3 
cc3 
cc3 
cc3 
c3 
c3 
cc3 
cc3 
c3 
c3 
cc3 
cc3 
c3 
cc3 
c3 
c3 
cc3 
c3 
cc3 
c3 
cc3 

- 

- 

start 
Time 

20: 46 
12:05 
17: 30 
19: 13 
20:48 
17:27 
03: 07 
03:07 
04: 15 
05: 15 
04: 13 
05: 17 
06: 58 
07: 15 
06: 58 
07: 15 
09: 33 
11:36 
10:37 
11:36 
14: 13 
14:51 
17:54 
18:3 1 

- 

7 

Doppler 

Stop Amount 
Time 

03: 45 
19: 00 
19: 00 
00: 58 

00:37 

23:43 
12:31 

06: 57 
05:08 
13:45 
05:  10 
08: 00 
07:  10 
14:30 
07: 10 
10: 20 

11:30 
11:58 
11:27 
14: 12 
14:50 
17:50 
18:29 
1933 

- 

- 

(hrs) - 
5.42 
6.90 
1.50 
5.58 
3.18 

5.66 
7.92 

3.12 
0.88 
7.92 
0.78 
2.72 
0.20 
7.25 

0.20 
3.08 
1.94 

0.36 
0.84 
1.14 

0.66 

1.84 
0.58 
1.04 

- 

Trans- 
mitter 
“on” 
Time 

20:46 
12:05 

- 

19: 13 
20:48 
17:27 
03: 07 

05: 15 
04: 13 

07: 15 

06: 58 

09:33 

11:36 

14:51 

18:31 

start 
Time 

21:36 
12:50 

- 

19:42 

18:OO 
10:34 

13:08 

Ranging 

Trans- 

00:58 4.65 

20:  10 
10:46 

13:30 

1.92 
0.20 

0.36 

280 1 66 , 

277 
288 

291 

72 
77 

85 

- 
5 :O 

1 1 1  



Table 3-3 (Continued) 

Day 
of 

Pass 

026 
029 

029/030 
029 
029/030 
030 

030 

0301 13 1 
030 

030/03 1 

03 1 

s ta 

12 
12 

- 

12 
41 
41 

62 

12 

12 
41 
41 

51 

TYW 
cc3 
cc3 
c3 
cc3 
c3 
c3 
cc3 
c3 
cc3 
c3 
c3 
cc3 
c3 
c3 
cc3 
cc3 
cc3 
c3 

- Start 
Time 

14:07 
15:20 
18:32 

20: 32 
22: 33 
21:26 
22:33 
08: 52 
09: 23 
17: 03 
16:04 
17:03 

23:08 
22: 12 

23: 08 
03: 52 
06: 07 
05: 55 
06: 05 

- 

Doppler 
Trans- 

Time 

20: 48 
18:30 
20: 29 
22:30 
00: 50 
22:27 
09: 12 
09: 12 

16:59 
18:05 
16:57 
22: 17 
02: 03 
22: 17 

03: 52 
05: 57 
07: 59 
06: 05 
07: 58 

- 

- 

(hrs) 
5.94 
3.14 
1.95 

1.98 

2.28 
1.02 

10.64 
0.36 
7.60 
1.04 
0.88 
4.25 

2.34 
0.08 
4.02 
2.08 
1.88 
0.16 
1.70 

- 
mitter 
“on” 
Time 
14:07 
15:20 

- 

20:32 

22:33 

09: 23 

17:03 

23: 08 

Start 
Time 
19: 35 
- 

20: 45 

23: 05 

23: 30 

Ranging 

Trans- 
Stop  Amount Sta ponder 
Time 
20: 45 

22:30 

03: 40 

00: 13 

(hrs) Delay  Temp OF . .  - 
1.14 

1.88 

4.48 

0.72 

- 
N.A. 

278 

289 

286 

- 
86 

80 

80 

80 

*s yn- 
Freq. 
5640 
- 

1 

t 

5640 
5620 
5617 

5576.: 
5620 



Table 3-4: Station Timing Synchronization 
. " 

~ Time  (GMT) DSS Station Timing Bias* 

lC&7 242:21:20  41  254 k 4 

264:04:25 62  -612 & 0.8 

2'36: 18:50 41  669 k I 

300: 19:30 41  667.95 + 0.3 

303: 15:OO 62  -711.8 k 1 

305:22:50 41  770.95 k 0.3 

306:20:00 41  775.1 f 1 

309: 19: 00 62 265.3 k 0.2 

312:22:00 62 532.0 k 0.5 

321: 11:3O 41 718.2 k 0.3 

325: 08: 00 62  439.1 k 0.1 

331: 11:55 62 459.5 * 0.3 

333: 14:25  62  471.1 k 0.2 

363:22:00 41 1,344 & 3 

1968  002: 18:OO 62  541.9 k 0.5 

030: 17:40 62  585.7 f 0.3 

031:23:55 41 1,58 1.6 k 0.3 

*Devi;ttiun from DSS-12's clock in microseconds. 
~~ 

. - ~~ 

Table 3-5: Master File Tracking  Data Tapes 
~~~ - -~ 

Time Interval LRC ~- J PL 
Start Time  Stop  Time  Tape  Number 
Dny:Hr:Min 

Tape Number 
Day: Hr: Min 

239: 08: 00 

239:08:00 

239:08:00 

239: 08: 00 

239:08:00 

239:08:00 

002: 12:02 

002: 12:02 

284:05:07 

291: 15:31 

303:22:22 

312:22:45 

331: 13:56 

364:03:45 

015:12:21 

031:07:59 

5 16 

517 

518 

519 

520 

52 1 

522 

523 

11691,7296 

1 169  1,7926 

11691,7826 

11691,7926 

1 169 1,7926 

11691,7926 

7206,7734 

7206,7734 

23 



Table 3-6: Lunar Harmonic  Coefficients 
~ . . ~ "_ ~. " 

LRC 7128B 

KM = 4902.58 S66=-0.60163-8 
. " - -.  -. .~ ~- 

S42 =-0.7879E-6 

J20 = 0.2092E-3  C31=  0.22723-4 C72=-0.2053E-5 

J30  =-0.1738E-4  S31=-0.1355E-4 S72 =-0.9328E-6 

J40 "0.37933-4  C61=  0.5216E-5 C53=-0.2503E-6 

J50 = 0.3176E-4  S61 = 0.2231E-5 S53 = 0.9193E-6 

J60 =Zero C32=  0.7405E-5 

J70 =Zero S32 = 0.2090E-5 

C44=-0.4731E-7 

S44 = 0.158OE-7 

C21=-0.1571E-6  C62=-0.1715E-5 C74=  0.5499E-7 

S21=-0.5515E-5 S62 = 0.5328E-6 S74 =-0.1402E-7 

C51=-0.7216E-5  C43=-0.4107E-6 C75=-0.6878E-8 

S51=-0.6547E-6  S43=-0.9379E-6 S75 = 0.6343E-9 

C22=  0.1766E-4  C73=  0.1342E-6 C77=-0.2571E-9 

S22 =-0.1667E-5  S733-0.2469E-6 S77= 0.3969E-9 

C52=  0.4039E-5  C64=  0.9962E-7 

S52= 0.1951E-5  S64=-0.1047E-6 

C33=  0.3755E-5  C65=-0.3961E-8 

S33 = 0.3523E-6  S65  =-0.2166E-7 

C63=-0.5840E-6  C76=-0.1945E-9 

S63  =-0.1616E-6 S76= 0.5396E-9 

C54=  0.1076E-6  C41=-0.3263E-5 

S54 = 0.9155E-7 S41= 0.6798E-5 

C55=-0.4162E-7  C71=  0.1305E-4 

S55 = 0.4836E-7  S71=  0.3413E-5 

C66=  0.4314E-8  C42=  0.9158E-7 
~~ ~ ~ . "" - .  . . ~ .  . "_ 

24 



I " 

Table 3-7: Orbital Elements  (Selenographic, True of Date) 

6098 

7001-10 

7002-10 

7003-10 

7004-10 

8000-10 

8001-10 

8002-10 

8003-10 

8004-10 

8005-10 

8006-10 

8007-10 

8008-10 

8009-10 

8010-10 

8011-10 

8012-10 

8013-10 

8014-10 

8015-10 

8016-10 

239:08:00:00 

270: 10:40:00 

275: 11:30:00 

276: 13:OO:OO 

282: 18:30:00 

283: 19: 40: 00 

291:05:05:00 

300: 14:05:00 

303: 13: 00: 00 

305:22:00:00 

309: 11:45:00 

312: 15:50:00 

315: 15:OO:OO 

318: 17: 1500 

32 1 : 09: 10: 00 

325:07: 1O:OO 

326: 2 1: 50: 00 

331:06:35:00 

333:07:35:00 

335: 13:35:00 

339: 19: 20: 00 

34 1 : 02:30: 00 

2,536.08 

2,535.12 

2,534.52 

2,534.84 

2,534.73 

2,831.10 

2,831.79 

2,83 1.29 

2,831.00 

2,831.83 

2,830.94 

2,831.84 

2,831.95 

2,831.79 

2,830.88 

2,830.72 

2,831.95 

2,831.70 

2,831.83 

2,831.52 

2,831.35 

2,831.39 

0.273245 

0.270531 

0.271876 

0.272793 

0.270480 

0.315381 

0.316195 

0.317201 

0.3 17940 

0.319346 

0.320188 

0.3 19732 

0.319888 

0.320483 

0.320325 

0.320698 

0.321033 

0.322372 

0.323305 

0.324107 

0.323416 

0.323332 

192.034 

140.664 

74.084 

59.998 

337.735 

323.871 

226.148 

102.294 

63.217 

3 1.826 

344.722 

302.783 

263.549 

222.726 

187.588 

135.808 

114.523 

56.802 

29.822 

0.180 

304.126 

286.933 

.0515 

356.849 

355.551 

355.082 

355.868 

12.062 

10.271 

10.591 

9.477 

9.242 

10.384 

10.635 

9.729 

0.142 

9.218 

9.636 

9.646 

8.1 16 

7.069 

8.827 

9.464 

0.034 

85.3987 

85.1976 

84.7100 

84.8307 

85.2883 

85.1452 

85.0353 

84.8004 

84.8295 

85.2192 

85.2757 

84.9002 

84.7551 

85.2615 

85.3923 

85.1751 

84.9083 

84.8884 

8.5.7074 

85.4268 

84.8890 

84.7544 

-4,528.6 

2,897.75 

2,597.82 

2,761.36 

2,527.47 

1,187.77 

4,372.13 

2,983.73 

1,384.10 

3,750.44 

1,385.18 

4,824.86 

4,117.38 

975.39 

1,177.55 

1,488.04 

5,460.72 

3,969.32 

4,580.27 

-3,887.06 

-2,721.12 

1,309.63 

25 
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Table 3-7 (Continued) 
-~ ~ ~~~ 

Epoch (GMT) Semimajor Eccentricity  Long. of Inclination Time from 
Asc. Node  Periapsis OD Axis 

Perilune 
Of 

8017-10 

8018-10 

8019-10 

8020- 10 

8021-10 

8022-10 

8023-10 

8024-10 

8025-10 

8026-10 

8027-10 

8028-10 

8029-10 

8030-10 

8031-10 

8032-10 

8033-10 

8034-10 

9000- 10 

345:  15:25:00 

349:  17:  10:00 

353:03:45:00 

355:22: 10:00 

361:05:45:00 

363:21:20:00 

002: 12:05:00 

005:  19: 15:00 

012-17-30-00 

015:03:05:00 

018:04:55:00 

021:06:55:00 

024:  09:  35: 00 

026: 15:45:00 

029:20:40:00 

030: 08: 55: 00 

030:  15:  50: 00 

030:18:00:00 

031:06: 13:20 

2,831.64 

2,830.56 

2,830.91 

2,831.39 

2,83  1.20 

2,831.65 

2,831.52 

2,831.17 

2,830.56 

2,831.53 

2,830.76 

2,831.31 

233  1.64 

2,831.09 

2,831.87 

2,83 1.33 

2,133 1.79 

2,831.64 

2,746.57 

0.324260 

0.323453 

0.324182 

0.324745 

0.326947 

0.327140 

0.326351 

0.326605 

0.326247 

0.326879 

0.326914 

0.328458 

0.329294 

0.328904 

0.328195 

0.328260 

0.328306 

0.328359 

0.369872 

226.910 

172.800 

127.745 

91.161 

20.910 

345.1188 

298.163 

254.552 

162.753 

131.384 

90.708 

49.931 

8.862 

339.131 

296.696 

289.936 

286.12Fj 

284.928 

278.189 

8.672 

8.618 

8.484 

7.841 

7.049 

7.786 

8.060 

6.907 

7.597 

7.217 

6.493 

5.587 

6.074 

6.625 

6.736 

6.630 

6.498 

6.461 

6.489 

85.9506 

79.7846 

85.0497 

84.7142 

85.5286 

85.3121 

84.8150 

84.7035 

82.5029 

85.0962 

84.6936 

84.9326 

85.3249 

85.3220 

84.7710 

84.7182 

84.7002 

84.6948 

84.6626 

1,278.85 

1,567.70 

1,352.64 

-2,514 1.63 

-3,385.88 

-4,401.19 

-3,121.85 

-2,061.17 

1,444.08 

5,895.70 

1,265.14 

-2,756.63 

-4,423.85 

1,233.98 

-5,839.80 

-2,302.87 

-4,444.29 

3,356.10 

-6,431.46 
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Table 3-8: Orbit  Determination  Data Summary 

OD 
Data Start Time (GMT) End  Time (GMT) Number Standard 

Station 
TYW Day: Hr: M n  Day: Hr: M n  of Points Deviation 

6098  62 C3 239:08:00 239:08:56 52 .107 

41 c 3  239: 17:43 239: 18:29 47 .122 

12 c 3  239:08:01 239:08:56 52 .125 

12 c c 3  239:09:38 239: 18:29 435 .107 

7001-10 41 c3 270: 16:57 270:20:27 167 .0545 

12 cc3 270: 10:40 270:20:26 448 .065 

7002-  10  62 c3 275:13:04 275: 16:59 163 .0147 

62 c c 3  275: 11:30 275: 12:58 87 .0105 

12 c3 275: 12:44 275: 1256 13 .0066 

12 c c 3  275: 13:04 275:20:59 302  .0286 

7003-  10  62 c 3  276: 14: 16 276:17:20 148 .0385 

62 cc3 276:13:00 276:  14:08 58 .0339 

41 c 3  276:20:48 276:22:59 84 .0558 

12 c3 276: 13:40 276: 14:06 23 .0075 

12 c c 3  276: 14: 13 276:23:48 387 .0431 



Table 3-8 (Continued) 

OD 
Data Start Time  (GMT) End Time (GMT) Number  Standard 

Station 
Type Day: Hr: Mn Day:  Hr: Mn of Points  Deviation 

7004- 10 62 c3 282:21:15 282:21:15 1 0 

62 cc3 282: 18:30 282:21:00 82 .0379 

41 c3 283:02:33 283:04:56 93 .0322 

41 cc3 283:05:04 283:05:57 51 .0313 

12 cc3 282:21:14 283:04:59 310 .0390 

8000-10  62 cc3 283: 19:40 283:22:09 134 .0268 

41 c3 284:03:40 284:04: 13 28  .0273 

12 c3 283:22:01 283:22:06 6 .0060 

12 cc3 283:22: 13 284:05:06 318 .0354 

8001-10  41 c3 291:09:05 291:11:03 110 .0332 

41 cc3 291:11:38 291: 15:27 162 .0260 

12 c 3  291:11:37 291:13:21 88 .0239 

12 cc3 291:05:05 291:ll:Ol 272 .0279 

8002-10  41 c3 300: 17:39 300: 19:47 121 .0249 

41 cc3 300: 19:53 300:23:58 197 .0270 

12 c3 300: 18:53 300:20:46 24 .0328 

12 cc3 300: 14:06 300: 19:49 287 .0298 



Table 3 8  (Continued) ! 

OD 
Data Start Time  (GMT) End  Time  (GMT) Number Standard 
Type Day: Hr: Mn Day:  Hr: Mn of Points Deviation Station 

8003-10 62 c c 3  303: 13:OO 303: 14:35 85 .0176 

12 c 3  .. 303: 13:OO 303: 14:46 90 .0254 

12 cc3 303: 14:56 303:22:21 329  .0244 

8004-  10 41 c c 3  305:22:06 306:07:58 479  .0356 

12 c 3  305:22:09 306:OO: 13 101 .0273 

8005-10 62 c c 3  309: 11 :45 309:  19: 19 32 1 .1553 

12 c3 309: 18:36 309:  19: 19 42 .2563 

8006-10  62 cc3 312: 15:50 312:22:43 346  .033 1 

12 c 3  312:21:00 312:22:44 89 .0547 

8007-10 62 c 3  315:15:04 315: 1625 79 .0186 

62 c c 3  315: 16:34 315121:58 25 1 .0254 

41 c 3  315: 1634 315: 1657 23 .0183 

41 cc3 315: 15:Ol 315:16:28 86 .0157 

8008- 10  62 c c 3  318:  17: 16 319:OO: 10 339 .0639 

41 c3 318:17:18 318: 18:24 58 .0899 
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Table 3-8 (Continued) 

OD Station 
Data Start Time  (GMT) End Time  (GMT)  Number  Standard 
Type Day: Hr: Mn Day:  Hr: Mn of Points Deviation 

8000-10 41 c3 321:10:05 321: 12:  15 123 .1813 

41 c c 3  321:12:57 321:19:46 287 .1753 

12 c3 321:13:02 321:  13:36 21  .1917 

12 cc3 321:Og: 12 321:  12:  15 165  .1760 

8010-10 62 c 3  325:07:  12 325: 10:  12 134 .0279 

41 c c 3  325: 14:36 325: 16:57  127  .0286 

12 c 3  325: 14:37 325: 16:57 113 .0394 

12 cc3 325:07:20  325:13:59  317 .0250 

801 1-10 62 c3 326:21:53 326:23:56 83 .0335 

62 cc3 327:OO: 19 327:05:26 250 .0329 

41 cc3 326:21:50 326:23:56 118 .0360 

8012-10 62 c c 3  331:06:35  331:13:51  306  .0243 

12 c3 331:10:23 331:13:49 144 .0263 

8014-10 62 cc3 335: 13:35  335:  15:54 83 .0453 

12 c3 335:  14:52  335:  15:54 4 $1 .0475 

12 c c 3  335: 17:06  335:23: 16 166 .0463 



Table 3-8 (Continued) -1 

OD 
Data Start Time  (GMT) End Time  (GMT) Number Standard 

Station Type Day: Hr: M n Day:Hr:Mn of Points Deviation 

8015-10 62 c3 339: 19:43 339:20:28 28 .0451 

62 cc3 339: 1923 339: 19:37 11 .0127 

41 c 3  340:00:59 340:04:27 154 .0257 

12 c 3  339: 19:32 339: 19:34 3 .0030 

12 c c 3  339: 19:42 340:04:28 449  .0248 

8016-10 41 c3 341:02:30 341:04:23 108 .0214 

41 c c 3  341:04:38 341:10:58 293 .0285 

12 c 3  341:04:41 341:05:26 38 .0277 

12 c c 3  341:02:30 341:04:26 106 , .0227 
1 

! 

8017-10 62 c c 3  345: 15:25 345:22:06 333 .1623 1 

8018-10 62 c c 3  349: 17:  10 349:23:52 343 1.9777 

8019-10 62 c 3  353:07:26 353:09:02 78 ,0197 

62 c c 3  353:03:45 353:06:55 180 .0154 

12 c 3  353:03:45 353:06:55 178 .0b6 

12 c c 3  353:07:26 353: 10:41 156 .0219 



Table 3-8 (Continued) 

OD Station Data  Start Time  ((;MT)  End  Time  (CMT)  Number  Standard 
Type Day:  Hr: hln Day:  Hr: M n  of Points Deviation 

8020-10 62 c3 3!35:22: 10 355:23:53 6 H .0259 

62 cc3 356:OO:OS 356:04:53 245 .0219 

41 c3 356:OO:OS 356:00:18 14 ,0072 

41 cc3 355:22: 10 355:23:58 74 ,0226 

8021-10 62 cc3 361:05:45  361:11:48  218  .1740 

8022- 10 41 cc3 363:21:20  364 : 03 : 43 250  .0243 

12 c3 363:21:20 363:22:40  52 .0348 

8023-10 62 cc3 002:12:05 002: 18:58  314 ,0228 

12 C3 002: m3ti 002: 18:58 84 .0167 

8024-10 12 cc3 005:lH:lS 006:00:58 323  ,6172 

8025- 10 62 c c 3  012: 17:30 012:23:43 3 14 1.0907 

8026- 10 62 c3 015:03:07 015:06:56 147 .033H 

12 cc3 015:03:06  015: 12:20 363 51387 



Table 3-8 (Continued) 

OD s t  a t’ 1011 
Data Start Time (GMT) End Time (GMT) Number of Standard 
Type Day:Hr:Mn Day:Hr:Mn Points Deviation 

8027-10 62 C3 018:05:  14  018:07:S9  148  .0307 

62 cc3 018:04:56 018:05:07 4  .0340 

12 C3 018:04:57 018:05:06 5  .0175 

12 c c 3  018:05: 14 018:13:44 376  .0391 

8028-10 62 c 3 021:07:13 021:10:20 134 4255 

62 cc3 021:06:57 021:07:08 12  .0330 

12 c:3 021:06:58 021:07:07 10 .0418 

12 c c 3  021:07:13 021:14:29 308  .0274 

8029-1 0 62 C3  024:11:31.  024: 11 :57 22 .0308 

62 cc3 024:00:35 024:  11:2Y  85  .0780 

12 c3 024: 10:37  024:11:26 41 .1654 

12 cc3 024: 1 1 : 36 024: 19:31  197  .0677 

8030-10 12 c c3 026: 1545 026:20:48 249 .1019 

803 1- 10 41 c 3 O29:21:26 029:22:26 51 .0352 

41 cc:3 029:22:33 030:08:39 508  .0335 

12 c3 029:22:34 030:00:48 127 ,0280 

12 cc3 029:20:42 029:22:28 77  .0343 



Table 3-8 (Continued) 

OD Station Data Start Time ((;hlT) End Time (CMT) Number of Standard 
Type Day:Hr:Mn Day:Hr:hln l’oints Deviation 

8032- 10 62 c 3 030:08:55 030: 18:OS 5 5 .0313 

62 c c 3  030:01-):25 030: 16:58  345 .(I286 

41 cc3 030:08:55 03O:OO: 11 1 3 .0293 

12 CC3 030:17:03 030:20: 18  168 .0291 

12 CC3 030:16:04 030: 16:56 3 5 .0513 

8033-10 62 c3 030:17:93 030: 18:05 41 .0252 

62 cc3 030:15:50 0.30316348 51 .0403 

41 c c 3  030:23: 11  030:03:59 234 .0305 

12 c :3 030:16:04 031:02:0:3  153 .0308 

12 c c3 030:17:23  030:22:17  217  .0247 

8034- 10 62 C3 030: 18:OO 030: 18:05 6 .0057 

41 c c 3  030:23: 11 031:05:.57 302 .0296 

12 c3 030:23: 10 031:02:0,3  117 .03 1 1 

12 cc3 030: 18:OO 030:22: 17 182 .023 1 

9000- 10 41 CC.3 031:06: 15 031:07:55 84 .1529 

5 1 c 3 031:06:22 0:31:07:5Fj  12,5 .1466 
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During  a  period from  Day 349,  1967 to  Day 
026, 1968  spacecraft  sunsets  were  recorded 
using  the  flight  programmer.  These  data  were 
used  in  the  orbit  determination  process as a 
confirmation of convergence. A summary of the 
recorded  sunset  times,  along  with  the OD  iden- 
tification  number  and  the  residuals  (difference 
between  recorded  time  and  OD-computed  sun- 
set  time), is presented in Table  3-9.  From an 
investigation of the  residuals  the  advantage of 

multistation  tracking  is  evident. 
Ranging  data  taken  during  the  latter  portion of 
the  extended  mission  were  used for  comparison 
of the  recently  generated  integrated  lunar  eph- 
emeris.  Figure 3-3 indicates  the  agreement 
between  the  OD  ranging  residuals  and  the  range 
difference  between  current  and  integrated 
ephemeris  tapes.  The  indication is that  the  new 
ephemeris  contains  a  more  accurate  represen- 
tation of the  lunar  position. 

Table 3-9: Sun  Occultation Times 

Recorded  Sunsets OD Solution  Recorded  Sunsets OD OD Solution 
Day:Hr:Min:Sec  Residual  Day:Hr:Min:Sec  Residual 

349: 20: 10: 4  1.83  8018 - 18.264*  002:  16:26:50.84  8023  0.552 

OD 
.- 

353:06:49:36.86  8019 1.968  005:19:34:58.22  8024 7.237* 

355:22:41:24.59  8020  2.178  005:23:20:22.72 8024 7.778* 

356:02:26:47.99  8020  2.088  015:05:00:33.81  8025  8.910* 

361:06:24:53.55  802 1 7.975* 015:08:46:00.21  8025  8.758" 

361:  10:  10: 18.75  802 1  8.351"  018:  11:54:40.43  8027  5.247 

363:22: 17:01.68  8022  2.140  026:15:19:11.10  8030 N.A. 

364:02:02:26.78 8022  1.928  026: 19:04:42.70  8030 19.58 * 

002:12:41:26.54  8023  0.197 * One Station OD 

A D  (meters) 
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3.2.3 Guidance  Maneuvers 
When  the  orbit  determination  process  defines 
a trajectory, the trajectory  is  analyzed  to  deter- 
mine if a  maneuver is required. A inaneuver 
may be needed for  many  reasons  (e.g.,  to  offset 
the  effects of a lunar  eclipse, to increase or 
terminate  orbital  lifetime,  or to fulfill  planned 
or  functional  objectives). The process of design- 
ing  the  maneuver  during  the  extended  mission 
did  not  differ from that of the primary  mission; 
basically, the  purpose of the  maneuvers was 
different.  During  the  Lunar  Orbiter V extended 
mission  there  were  two  ppidance  nxmeuvers 
planned  and  executed. 

3.2.3.1  Orbit  Phasing  Maneuver for October 
1967  Lunur Eclipse Pussuge 

In  preparation for the  October 18,  1967 lunar 
eclipse,  studies  were  made to determine  detri- 
mental  effects  on  Lunar  Orbiter V. Figure 3-4 
shows  the  sunlight  conditions for the  space- 
craft during  the  period of interest.  The  time in 
total darkness was 205 minutes  and  the  time 
below 30% sunlight was 260 minutes.  Con- 
sequently  the  ampere-hour  capacity of the  bat- 
tery  would  have been  exceeded,  resulting in 
loss of the  spacecraft.  The  following  general 
objectives  were to be met b y  executing  the 
engine  burn. 

The  sunlight  conditions  at  the  spacecraft 
during  the  eclipse  were to be  adequate to 
limit  the  battery  depth of discharge to 12 
mmpere-hours. 
The  spacecrdt orbital  lifetime was to be 
greater  than  the  expected  nitrogen  lifetime. 

0 A A V reserve was to be retilined  that 
would be sufficient to produce  a  controlled 
impact  during  the next 5 months. 
The  maneuver was  to be  executed  within  the 
view of the  Earth. 

Because of the  high  orbital  inclination (85 
degrees),  which  resulted in orbital  nlotion 
perpendicular to the  eclipse  shadow  passage, 
it was  not possible to obtain  fworable  lighting 
conditions  with a simple  phasing  mmeuver. 
Three  alterations to orbital  parameters  were 
necessary to obtain  proper  lighting: (1 )  an 
increase i n  apolune  altitude, (2) a southerly 
rotation of the  latitude of apolune,  and (3) 
proper  phasing of the  spacecraft in the  orbit. 
This  sequence was  successful due to  the fact 

that  the  Earth's  shadow was displaced  toward 
the  lunar North  Pole and a southerly  displace- 
ment of the  spacecraft  would  result in  passage 
outside  the  umbral  eclipse. 

Using  this  design  approach,  a  study  of  the A V 
required  to  nlinilnize  the  depth of discharge 
while  maintaining,  the  desired  orbital  lifetilne 
was investigated. The analysis  showed  that all 
constraints  could be satisfied  with an expendi- 
ture of 67.5 meters  per  second. 

This  nmneuver  design was based on OD 7004- 
10, which  appears  in  Table 3-7. 

To  demonstrate  the  successful  accomplishment 
of all design  constraints,  the  following  are 
presented. 

Figure 3-5 contains  the  predicted i l l u m i n -  
ation  during  the  eclipse.  The  resultant  battery 
discharge  based on this  prediction is less 
than 12 ampere-hours. 
Figure 3-6 presents a sketch of the  expected 
long-term  perilune  altitude variiltion. The 
lifetime,  based  on  the  prediction  capability 
of the LRC 7/28B lunar  model,  appears to be 
several  years.  This is several  times  longer 
than  the  anticipated  nitrogen  lifetime. 
Also indicated in Figure 3-6 ;ire the  inter- 
vals during  which a controlled  impact is 
possible.  The  calculation of these  periods 
assumed AV cap:hility of 30 ndsec and 
k t  a Rp/ a AV sensitivity of 5.8 km/m/sec. 
The  true  anomaly of maneuver  execution 
(68.11 degrees) w;ls within  view of the 
Earth. 

Therefore, all  objectives  were  satisfied  by  the 
maneuver  design. 

The star  Canopus was used a s  the roll reference 
for the  maneuver. 

The results of the  maneuver  design  were a s  
follows. 
0 Engine  ignition  time:  Day 283,  19:37:6.75 

Magnitude of AV required: 67.5 m /see 
Attitude  maneuvers: 

HRoll = 31.33" (sunline  roll) 
Pitch = -50.96" 

0 Designed  change i n  orbital  elements 
(selenographic  of-date  coordinates) 
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Elements Elements 
Prior  to Following 

Maneuver Maneuver 

Selnim;ljor axis ( k m )  2,534.76  2,830.65 

Eccentricity 0.26948  0.31541 

Argument of 
perilune  (deg) 356.12  12.03 

Longitude of 
ascending  node  (deg)  323.89  323.01 

Inclination  (deg) 85.15 85.15 

Orbital  period  (min)  190.86  225.24 

Apolune  altitude ( k m )  1,479.73 1,985.36 

Perilune  altitude  (km) 113.61  199.76 

True anomaly of transfer  maneuver 
68.11 degrees 

Monitoring of the  velocity  mmeuver was x -  
complished  using  Doppler  data from DSS-62. 
The  predicted  and  actld two-way  Doppler 
data  are  plotted i n  Figwe 3-7. The total  shift 
of 1,031.2 Hz agreed  closely  with  the  predicted 
value. The I , i a  (42 Hz) between the two  curves 
was carlsed b y  the  epoch  forwxding of the orllit 
determination stilte vector (OD 7004-10) to 
the  time of the  engine b1ll-n ( a  I)eriotl of 25 
hollrs). 

A better  determination of engine performmnce 
can be  gained from examination of the post- 
maneuver  orbital  elements  and  the  expected 

percent  sunlight”  history  during  the  eclipse 
period.  The first of these  data  appear i n  the 
following  table,  which  contains  a  comparison  of 
the  designed  orbital  elements  with  those cal- 
culated  after  the  maneuver in  O D  8000-10. The 
altitudes of 1)erilune and apolune,  and  the 
argument of periltIne,  are srlfficiently close to 
the  vnlues  desired to meet  the  design  con- 
straints.  Only  the  effect of the  3-second  devia- 
tion i n  orbital  period  required  further  consider- 
ation. 
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Figure 3-7: Lunar Eclipse Phasing  Maneuver 

Postmaneuver 
Orbital  Elements 

Predicted A c t d  

2,830.65  2,831.10 

0.31541  0.31538 

12.03  12.06 

323.91 323.87 

85.15 85.15 

225.24 225.29 

1,085.36 1,085.88 

199.76 200.13 

The integrated  effect of the  error in period 
alters  the  sequence of events  at  the  time of the 
eclipse by  2.5  minutes.  Figure  3-5  shows  the 
lighting  conditions in this  interval of interest. 
Comp~rison of the  pre-  and  postburn  predic- 
tions  indicates  a  slight  degradation  at  the  start 
of the  eclipse,  but shows improved  conditions 
just  before  and  after  the  period of Sun  occulta- 
tion,  at  11:05  and  11:32  GhlT,  respectively. 
Therefore,  the total effect did not  violate the 
12 ampere-hour  discharge  constraint.  Conse- 
quently  it can be concluded  that all design  cri- 
teria  were  met b y  the  maneuver. 

During  the  eclipse,  telemetry  measurements 
of the  solar  ;may  current  were  monitored.  This 
gave an indication of the  percentage of sunlight 
visible  to  the spacecri1ft. Figure  3-8  contains a 
composite of these  data  and  the  lighting  history 
calculated  with OD 8001-10. 
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3.2.3.2 Ternlinul Trtlnsfer Maneuver 
On Jm11m-y 29, 1968 (GMT Day 020) telemetry 
measr~rements  received from Lunar  Orbiter 
V indicated a very  low su1)ply of the nitrogen 
used for attitude control of the  spacecraft.  There- 
fore,  hefore  control  was  lost, a decision was 
made to transfer the spacecraft to an impact 
trajectory. The object of the maneuver was to 
produce a crash on the lunar  surface  within  view 
of the  Deep  Space  Tracking  Stations. Although 
the AV supply was estimated to be only 30 
meters  per  second,  this was considered suffi- 
cient to accomplish the  objective. 

The mmeuver  design was accomplished  using 
orbit determination solution  Number 8032-10, 
which is summarized in Table 3-7. This state 
vector was mapped forward to  the  maneuver 
time  with the LRC  7/28B  lunar  harmonic  model. 

The radius of perilune was selected a s  the only 

critical  targeting  parameter. The objective was 
to make i t  coincident with the lunar  surface. 
The average  lunar r;ldills  is normally consicl- 
ered to be 1,738.1  kilometers.  However, to 
ensure an impact,  it was necessar>' to target to 
a lower  value.  Calculations  showed  that a 
n1inr1s 6-kilometer  xljustment was sufficient 
to account for any  uncertainty in the  lunar  radi- 
us  and for errors  arising from navigation and 
control consider. '1 t ' 1011s. 

Since  Canopus was out of the field of view of 
the  star  tracker  and no other  bright  stars  were 
available, an mtenna  map of DSIF signal 
strengths  was  made  to  establish  the roll attitude 
reference.  Maneuver  angles for the  burn  were 
specified from Sun-Cmopus lock by FPAC, 
and  were  adjusted by  the  attitude  control 
analyst to agree  with  the  known l1rem1neuver 
attitude. 
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The results of the  lnaneuver  design  were as 
follows. 
0 Engine  ignition  time:  Day  031, 06: 13:03.04 
0 Burn duration:  16.73  sec 
0 Magnitude of AV required: 29.14 ndsec 
0 Attitude  maneuvers  (Sun-Canopus  reference): 

HRoll (sunline  roll) = -88.84" 
Pitch = +93.61" 

0 Expected  spacecraft  and  engine  performuwe 
parameters: 

Thrust = 104.5 Ib 
Initial  weight = 586.0 Ib 
Specific iml~ulse = 276.0 sec 
Weight  flow  rate = 0.3785  Ib/sec 
Average acceleration = 1 .77m/sec2 

0 True  anomaly of transfer:  180.0 deg 
0 Resulting  change i n  orbital  elements 

(selenographic  true-of-date  coordinates) 

Elements Elements 
Prior to Following 

Maneuver Maneuver 

Eccentricity 

2,832.22 2,747.05 

0.32834 0.36952 

6.25  6.30 

Longitude of ascending 
node  (deg) 278.19  278.19 

Inclination  (deg) 84.69 84.69 

Apolune  altitude  (km) 2,024.04 2,024.04 

Perilune  altitude  (km) 164.20 -6.00 

NOTE:  Altitudes  are  referred to a lunnr  radius of 
1,738.1  kilometers. 

0 Predicted  postmmeuver  events: 
Sun  occultation  Day  031,  07:51:41.55 
1ml)act  Day  031, 07:57:.56.72 
Longitude = 83.17" W 
Latitude = 4.35" S 

Therefore,  the i m p c t  was expected to occur 
within  the  view of two  DSIF  sites,  Woomera, 
Australia and  Johannesl>urg,  South Africa. 

Monitoring of the  velocity  maneuver was  ac- 
complished  using  Doppler  data from  DSS-41 
(Woomera). The predicted  and  actual  two-way 
Doppler  data  are  plotted i n  Figure  3-9.  The 
total  shift of 76.5  Hz  agreed  closely  with  the 
predicted  value of 75.2 Hz.  The  resulting  de- 
viation c m   b e  attributed to slight  differences 
i n  the  engine  performance  pmxmeters.  The 
slight  bias (0.8 Hz)  between  the  two ctlrves at 
ignition  resulted from the  epoch  forwarding of 
OD 8032-10 to the burn  time, :I period of 21 
hours. 

A postburn  analysis of the  tracking  data  prior 
to impnct was accomplished  using  Doppler 
data from Stations  41  and 51. The results, OD 
9000-10, are  summarized i n  Table  3-7.  The 
slight  differences i n  the  predicted m d  ac t rd  
postmaneuver  orbital  elements  can again be 
attri1)uted to inadequate  premaneuver  knowl- 
edge of engine  performance, a s  mentioned 
before. 

The  DSIF  received  signal  intensity  (CEC) 
recordings  were  carefully  examined to deter- 
mine  the exact time of impact on the  lunar sur- 
face. The recordings  exhibited very sharp  dis- 
continuities  at  the  "receiver  out-of-lock"  time. 
The  patterns  differed  significantly from those 
taken during normal sl)~~cecruft/Earth occrll- 
tations,  thus  indicating  the first impact of a 
Lunar  Orbiter  within  DSIF  view  and  success- 
f u l  completion of the  maneuver  objective.  OD 
N)OO-lO was then mapped to the  measured 
impact  time to estd~lish  the location  on the 
surface of the  Moon; in  dd i t ion ,  telemetry 
data  were  examined for the  occurrence of ;I Sun 
occultation  on  the  descent  trajectory. 

From a l l  these  data  the  following  seqllence of 
events was established: 

Sun  occrlltation  Day  031, 07:51:28.7  +03  sec 
Imlx~ct Day  031,  07:58:08.27 
Longitude = 83.04" W 
Latitude = 2.79" s 
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4.0 Flight Data 

4.1 ENVIRONMENTAL DATA 
A primary  objective of the  extended  mission 
was  to collect  lunar  environlnental  data  during 
long  periods of lunar  flight.  Spacecraft  telem- 
etry was monitored  during  each  tracking  period 
to  determine if there  had  been  any  increase  in 
radiation  flux  or  nlicrolneteoroid  activity. How- 
ever,  because  the  spacecraft was  not tracked 
continuously,  the  exact  location  or  time was 
generally  unknown. 

4.1.1 Radiation 
Table 4-1 shows  radiation  data  collected  during 

the  extended  mission.  The  scintillation  counters 
located  outside  the  photo  subsystem in the 
vicinity of the film  cassette  and  the film looper 
recorded 1.5 and 1.0 rads,  respectively,  at  the 
beginning of the  extended  mission.  Figure 4-1 
illustrates  the  increasing  radiation  trend. 

4.1.2 Micrometeoroids 
The spacecraft  sustained a total of six micro- 
meteoroid  hits,  five of which  occurred  during 
the  extended-mission  phase. Again, only  the 
period  between  which  the  hits  were  recorded 
can be  reported. 

I Table 4-1: Radiation Data 
Trxcking  Per iod C;lssetttr Rxlkttion Looper Radiation 
Day (:\IT D F0-I (Rads ) DF05 (Rads) 

3 18 3.50 3.5 

320132 1 3.50  4.0 

3241325 3.75  4.5 

333 3.75  4.5 

335 4.00  4.5 

3391340 4.25  6.5 

3401341 4.25 6.5 

345 4.25  7.0 

349 4.50 7.0 

3521353 4.50 7.5 

355/356 4.75  8.0 

36 1 4.75  8.0 

363/364 5.00  8.0 

0081009 5.00  8.0 

012 5.25 8.5 

015 5.25  8.5 

018 5.50 8.5 

02 1 5.50 8.5 

024 5.75  9.0 

029/030/031 5.75 9.0 
" .  - ~ 
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Figure 4-1: Radiation Data 

Detector  Number  Hit  Recorded  Between 

09 264:07:51  265:07:08 
1 9 319:OO:ll 320:18:06 
10 324: 14:Ol 325:17:00 
03  356:05:00 361:05:01 
17 018: 14:OO 021:06:53 

4.2 SPECIAL  EXPERIMENTS 
During  the  extended  mission,  the  spacecraft 
was used to obtain  scientific  data  and a s  tool 
to conduct specinl experiments.  Only  the  pur- 
pose of the  experiment  and  the  type of data 
collected  are  given  in  this  report.  Data  analysis 
is the  responsibility of the  requesting  agency. 

4.2.1  Voice  Relay  Experiment 
The ex1)eriment  was conducted to investigate 
the  feasibility of relaying  voice  communications 
by  a lunar  orbiting  spacecraft. Voice data  were 
transmitted to the  spacecraft,  detected by the 

transponder  receiver,  passed  through  the  ranging 
module,  retransmitted to Earth,  and  received 
by the  DSIF. 
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Two transmission  methods  were  attempted 
during  Phase I. The essentid  difference in 
these  methods was the  technique  used  to  modu- 
late  and  detect  the  subcarrier. 

____ Method A (FM/PM) - Audio  data  (voice  record- 
ed 011 milgnetic tape  to  ensure uniform test 
conditions)  were  frequency  modulated  onto a 
52.5  kHz  subcarrier  with a peak  frequency 
deviation of 7.9  kHz. The 52.5  kHz  subcarrier 
was then  phase  modulated  onto  the  S-band R F  
carrier  with  a  modulation  index of 1.5 radians. 
The DSIF  receiver  with a 12-Hz  tracking  loop 
lxlndwidth  and  telemetry  bandwidth of 420 
kHz was then  phase  locked to the  downlink 
carrier. The  audio sr1l)cnrrier a s  obtained from 
the  receiver  phase  detector  output was demodu- 
lated by a 52.5  kHz  discriminator,  recorded on 
magnetic  tape, and monitored on a speaker. 

Method B (PM/PM) - Artdio data  were  phase 
modlllated  onto i l  52.5  kHz  subcarrier with a 
modulation  index of 1.8 radians. The  52.5  kHz 
sulxlrrier was then  phase  modulated  onto  the 
S-band R F  carrier  with a modulation  index of 
1.5 radims.  The  DSIF  receiver with  tracking 
loop bandwidth of 12 Hz and telemetry  band- 
width  set to 20 kHz was then  phase  locked to 
the first  upper  and  lower  audio  sidehand  (52.5 
kHz  above  and  below  the  carrier).  The  audio 
c1at:l from the  phase  detector  output  were  then 
recorded  on rnagnetic tape  and  monitored  on a 
slle' ,I k er. 

The spacecruft for both  Methods A and B was 
configured  with the TWTA on,  the  ranging 
module  on  (Mode I), and the high-gain antenna 
pointed to the  DSIF. To minimize  the  noise in 
the  received  andio  data,  the  uplink  S-band 
modulation  index was increased from 1.5 to 1.8 
radians and  the spacecraft  modulation  mode  was 
commanded to Mode  2  (ranging  module  ob- 
viously  was  left on). Method A with  these 
changes was selected for the  Phase I1 and I I I  
tests  (Method A, modified). 

I n  Phases I1 and 111 the  audio  data  originated  at 
the Langley Resei1rch Center  and was relayed 
to  the  DSIF facility  (DSS-12)  via land  lines. The 
audio  data  consisted of a 1 kHz  tone m d  il tele- 
phone  handset  (voice).  The  spacecraft  and  the 

DSIF  were  configured  according to Phase I, 
Method A, modified. 

The quality of the voice  relayed  through  the 
system  was  reported  to be excellent. 

4.2.2 RF Occult  Determination  Experiment 
The  purpose of the  experiment was to  obtain 
data for evaluation of the fundm1ental  nature 
of lunar  occultation of an RF  signal.  It was anti- 
cipated  that  these  data  could  make  possible de- 
termination of certain  physical  lunar  charac- 
teristics,  such as surface  conductivity,  as  an 
independent correlation  point for orbit  deter- 
mination  programs. 

The  experiment  consisted of recording  the 
DSIF-received signal intensity as the spnce- 
craft was occulted from Earth  view. The record- 
ings  were  made  over  the  largest   possible 
dynamic  range of signal levels  and  are sum- 
marized  below. 

Spacecraft Configuration 
Perilune 

Yes/No III / IV 'doff Apolune 
Uplink Modulation nvTA or DSS Orbit 

. 

Number Mode Lock 

744 

Yes 111 off Apolune 12 1172 
Yes I l l  off Apolune 12 1171 
No I\' Off Perilune 12 749 
Yes IV Off Perilune 12 748 
NO I v On Perilune  41 

L I I I I I 

All data for the  experiment  were compilecl and 
transmitted to the  requesting  agency. 
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high-gain mtenna at the  lunar  surface  while 
transmitting with the TWTA. The transmitted 
signal,  which is right-circularly-polarized and 
nilrrow beamed,  illuminated a fairly  small spot 
011 the  surface. The reflected  signal from this 
illumin~~ted  spot is  composed of a  strong  polar- 
ized  (left-circular)  component  and 8 weak de- 
polarized  (right-circular)  conlponent. The DSS 
station  was  configured to receive  the  polarized 
component of the  reflected  signal  and  record 
this signal for later  analysis. The power  in  this 
reflected  signal  is a function of the  bistatic 
radar  cross  section of the  area  illuminated; 
therefore,  this  paralneter  can be  derived from 
the  recorded  signal. The  attitude control  sltb- 
system  was  operated i n  the  narrow  (0.2  degree) 
deadband  and no nmleuvers  were  performed 
dlwing the  measurement  period. The data re- 
cordings  were  compiled  and  transnlitted to the 
requesting  agency. 

Part 2 of the  experiment,  conducted  concurrent 
with  Part 1 on  Day  024, consisted of transmit- 
ting a high-speed  ranging  signal from DSS-14 
to the  spacecraft,  through  the  ranging  channel, 
the TWTA, high-gain mtenna,  and back  to the 
DSS.  DSS-14 u a s  configured to  record  the 
polarized  (left-circular)  component of the  re- 
ceived  signal. The  data  recordings  were  col- 
lected  at DSS-14 b y  the  requesting  agency,  the 
Jet  Propdsion Laboratory,  for  analysis  and 
reporting. 

4.2.4 Convolutional  Coding/Sequential 

The objective of the  experiment was  to demon- 
stmte  the  use of convolutional  coding m d  se- 
quential  decoding on a spacecraft l i nk  and to  con- 
firm the  results of theoretical  calculations  and 
ground  simulations of such  systems.  It was antic- 
ipated  that  demonstration of this  system  would 
lead to the use of convolutional  coding  and se- 
cluential decoding in future  telemetry  systems. 

Decoding  Experiment 

The Lunar  Orbiter  spacecraft was used only a s  
R transponder  during  the  experiment.  The  en- 
coded  data,  biphase  nwdulated on 21 3.75 to 15.0 
kHz sulxxrier,  were  transmitted to the space- 
craft on the  rmging  channel.  The  signal was 
transponded by the  spacecraft  and  detected By 

the DSS telemetry  receiver  with  the  output 
taken  from  the  video  amplifier.  This  signal was 
then  synchronized,  demodulated  and  detected 
with  special  equipment,  and  finally  decoded 
on the DSS-12 SDS 030 computer. The code 
used W;IS ;I rate  one-third  convolutional  code 
n~ith 2,048 tree-size  bits(6,144  symlmls). Of the 
2,048  bits  only 32 were  used for tree  synchroni- 
zation  by the  decoder;  the  rest  were  used for 
information.  It was expected  that  the  system 
could  operate  essentially  error-free  at siglxll-to- 
noise (SNR) ratios A S  low as 2.2 db at the de- 
coder  and  data  rates  up to 1,000 bits  per  second, 
although  about 1% of the  data is e r x e d  at  this 
SNR. In  demonstrations  prior to this  experiment 
no  errors  or  erasures  had been  observed  at SNR 
of 4.0 db. Higher  data  rates  could  not  be  accoln- 
modated  only  because of limited  computation 
speed. 

The  experiment was conducted  at DSS-12  on 
Days 015, 018 and 026.  Data from the  exlleri- 
ment  were  compiled by the  experimenter  at 
that  time.  The  preliminary  results  were  re- 
ported to be favorable. 

4.2.5 Visual Observation  Experiment 
The  purpose of the  experiment was to determine 
whether  a  spacecraft  the  size of Lunar  Orbiter, 
when  suitably  oriented,  could  become  visible 
from Earth  (as 21 star-like  object) by  specular 
reflection of sunlight. 

The  experiment was conducted  on Days 018 
and  021  when  the  spacecraft  attitude was m21- 
neuvered to a  position  such  that  sunlight was 
reflected off the  solar  panels  and  equipment- 
mounting  deck mirrors  toward Earth.  Specular 
reflection  was  detected  p1lotogral)hicall~  at an 
apparent  stellar n1agnitude of about 12 by the 
Lunar  and  Planetary  Laboratory,  Tucson, 
Arizona,  on  Day  021.  More  than 80 photographs 
were  exposed  at  that  time, so opticnl  tracking 
data  are  available  over  about 90 degrees of the 
orbit. 

The  apparent  success of the  experiment  suggests 
that  it n ~ y  be  possible to opticully  track vehicles 
to Mars and  Venus  with  reflecting  surfaces 
designed  specifically for  that  purpose. 
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4.2.6  Manned  Space  Flight  NetworkIApollo 
GOSS Navigational Qualification 
(MSFNIAGNQ) 
Lunar  Orbiter V was utilized  to  support  Phase C 
of the  MSFNlAGNQ  program,  which was part 
of the network's overall  preparation  for the 
Apollo  mission. Phase  C  required  that  the  space- 
craft be operated  in  Mode 4 (video  modulation) 
and with the TWTA  on  to  provide  adequate 
signal margin for ranging  using  the network's 
30-foot antennas.  During  the  extended  mission, 
the following  stations  participated  in station-to- 
station  handovers,  two- and  three-way  Doppler 
tracking,  ranging and  time  correlations: Ascen- 
sion, Antigua, Bermuda,  Canberra,  Carnarvon, 
Canary  Island,  Grand Bahama, Goldstone, 
Goldstone  (WING),  Guam,  Guaymus,  Hawaii, 
Madrid,  Madrid  (WING),  Merrit  Island,  Texas, 

and Woomera  (WING). The tracking  data w- 
quired by the  stations  were  transmitted viil high 
and low speed  data  lines  to  the  re. '1 1 - t '  Ime  conl- 
puter  complex  (RTCC) for processing. Table 4-2 
is a chronological  listing of the  MSFN/AGNQ 
tracking  periods. 

4.2.7  Perilune  Residual  Experiment 
The purpose of the  experiment was to  eliminate 
one  possible  cause  (uplink  lock) of the  relatively 
high  residuals  observed  in  the  orbit  determina- 
tion program near  perilune.  A typical example of 
two- and three-way  Doppler  residuals is shown 
in Figure 4-2. 

The experiment  consisted of recording  the 
ground  receiver VCO frequency  and  static 
phase  error  while  the  spacecraft was  tracked i n  

Table 4-2:  MSFNlAGNQ Tracking Summary 

Dily Total  Tracking LlSFN  Three-Way hISFN T w o - W ; ~ ~  Numbel- of 
Time  (GMT) Trucking (GMT) Tracking ((;MT) Hanclovers 

3201 1 

32415 

339140 

340/ 1 

35213 

029130 

18:06-19~47  18:  10-19~50 
08: 11-12:  16 

14:Ol-17:00  14:Ol-16:50 
03: 18-03:40 
06:  11-17:OO 

19:57-22:42 

19:07-15:50 

00:05-02:OO 
06: 00-06: 30 
15:40-17:OO 
19320-04330 

19:57-21:OO 
02:oo-11:oo 
22:  00-22:  20 

19:07-23:  10 
03:42-11:30 
15:30-15:50 

15:  16-18:OO  15:  16-18:30 
20:30-18:OO 

19:50-08: 1 1  8 
12:  16-19:47 

16:50-03:  18 11 
03:40-06: 1 1  

02: 00-06: 00 
06:30-15:40 
17:OO-19:20 

2 1 : 00-02: 00 
1 1 : 00-22: 00 

23: 10-03~42 
11:30-15:30 

11 

12 

5 

2 

4 9 
- 
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Figure 4-2: Typical Doppler Residuals 

one-way lock (DSS transmitter off). These  data, 
recorded for two  successive  perilune  periods 
and the apolune  period  intervening,  are SUM- 

lnarized  below. 

GMT 

Day:Hr:Mn/ 
Day:Hr:Mn 

~~ 

Deep 
Space 
Station 

030:20:20/030:21:20 

030:22:20/030:23:00 

031:00:15/031:00:45 

Perilune 

Apolune 

Perilune 

~~~ 

DSS - 12 

DSS - 12 
& 

DSS - 41 

DSS - 12 
& 

DSS - 41 

The spacecraft was configured i n  Modulation 
Mode I (ranging  module  on)  with  the  TWTA off 
during  the  data  recording  period. The only 
attitude  maneuvers  performed  consisted of 
normal limit  cycling  and  the  communic 'il t ' Ions 
subsystem  temperatures  were  relatively  stable 
during  the  recording  period. 

The data  recorded  during  the  experiment  were 
forwarded  to  the  requestor for analysis. 
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5.0 Spacecraft Subsystem Performance 

Periodic  monitoring of spacecraft  telemetry 
data  provided information that was used  to 
determine  subsystem  performance. The  data 
were  analyzed  to  show  trends  in  performance  in 
an  attempt  to  establish  what  are  the  detrimental 
effects on  components  or  subsystems  after 
exposure  to  space  environment. The data  and 
results  are  presented  in  this  section. 

5.1 SUMMARY 
Individual  subsystem  performance was  gen- 
erally  within  design  requirements;  there was 
very little  evidence of subsystem  or  component 
degradation. 

The  attitude control subsystem  operated nor- 
mally during  the  extended mission  with the 
exception of the roll and yaw gyro drift  rates, 
which  exceeded  the  design  specification  limit 
of 0.5 degrees  per  hour,  and  the  pitch plus 
threshold  detector,  which  triggered  at 1.1 volts 
versus a nominal 2.0 volts. Although the  latter 
anomaly  resulted in l~ igher - th~ln-p la l~~~ed nitro- 
gen  consumption,  neither  condition  adversely 
affected the overall conduct of the mission. 
Two  hundred thirty-five maneuvers  and 119 
Sun acquisitions  were  performed. The sun 
sensors and  star  tracker  operated a s  planned; 
however,  glint  remained a problem  during 
initial  celestial  reference  acquisitions.  When 
Canopus  moved  out of the  tracker  field of view, 
lesser stars were  successfully  acquired to pro- 
vide a roll reference  when  required.  Nitrogen 
usage was within  the  predicted  limits for the 
maneuvers  and  the  deadbands  maintained. 

Although the  flight  programmer  performed 
nominally  during  all  observed  operations, a 
halt  mode  condition was a probable  explanation 
for the loss of attitude  control  that led to  pre- 
mature mission termination. 

The communications  subsystem  performed 
within  specification  requirements;  however, 
the  transponder RF power  telemetry  circuit 
displayed  a  significant  change  in  output  versus 
temperature after the  lunar  eclipse. 

The power  subsystem  provided  sufficient  power 
to operate  the  spacecraft  during  all  observed 

tracking  periods,  although  the  solar array pre- 
dictably  degraded 3.1% and  the  shunt regulator 
leaked  current for a period of time. The battery 
was discharged 11.8 ampere-hours (98.3%) dur- 
ing  the  lunar  eclipse,  which  indicated  that 
negligible  degradation  had  occurred  since 
launch. 

The photo  subsystem was used  only  during 
the investigation of the nitrogen  depletion 
anomaly. The environmental  conditions  were as 
expected for the off-Sun attitude of the  space- 
craft and  the pressurization  system  indicated. 
no leakage. 

The velocity and reaction  control subsystem 
performed  satisfactorily. Two velocity ma- 
neuvers  were  conducted  during  the  extended 
mission,  accumulating 57.2 seconds of operating 
time  and  providing 96.6 meters  per  second of 
energy. 

With the  exception of the  EMD thermal-control 
coating,  the  structures  and mechwnisms sub- 
system  performed as predicted.  Degradation of 
the  thermal-control  coating  occurred a s  antici- 
pated,  requiring  that  the  spacecraft be  oriented 
off-Sun  to nlaintain proper thermtd control. 

5.2 SUBSYSTEM PERFORMANCE 
5.2.1 Attitude  Control  Subsystems 
The  attitude control subsystem  consists of 
inertial  reference, control assembly,  star  tracker 
and sun sensor  units,  and a switching  assembly. 
The inertial  reference  unit is a three-axis,  strap- 
down gyro  system  with  an  accelerometer for 
differential velocity derivation.  Inertial  refer- 
ence  outputs  consist of angular rates and position 
data  about  each of the spacecraft's three  orthogo- 
nal axes, and spacecraft  velocity  change  in  line 
with  the X axis. Subsystem  control  and  integra- 
tion is furnished by  the control  assembly, 
which  consists of a  memory  core,  a clock 
oscillator, a logic  system, input  circuitry,  and 
closed-loop  electronics. The primary  purpose of 
the control  assembly is to  co~nmand  the  space- 
craft either from stored  commands  or  real-time 
commands  and,  through  the logic system  and 
closed-loop  electronics,  control  the  position 
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thrusters  and  the  engine  pointing  angle. The 
star  tracker  contains a photo-multiplier  tube for 
sensing  Canopus  presence; a bright-object 
sensor to operate 21 sun  shade  for  protection o f  
the  photo-multiplier  tube;  light baffles and 
optics;  and  associated  electronics.  Its  purpose 
is to furnish  spatial  roll  axis  references.  The sun 
sensors  are  silicon  solar  cells  that  provide  spatial 
yaw and  pitch axis reference. The switching 

assembly  contains  high-power  switching  circuit- 
ry and is controlled by the control  assenlbly 
(see Figure 5-1). 

During  the  extended  mission 235 maneuvers 
and 119 Sun  acquisitions  were  performed.  Limit 
cycle,  with  the  exception of positive  pitch  dead- 
band, was  normal and  consistent  throughout 
the  mission. An apparent  change in the pitch- 

~ I I I I I I ~ ~ W I I ~ ~ I ~ I ~ ~ ~ ~ ~ ~ I ~ ~ ~ ~ ~ ~ ~ ~ ~ I ~ ~ ~ ~ W ~ ~ ~ ~ ~ I I ~ ~ W I ~ I W ~ ~ U ~ ~ ~ ~ ~ ~ ~ ~ ~ I ~ ~ ~ ~ ~ ,  - Programmer Closed-Loop Electronics I 
! 

"""""""" 

- 
! r * 

Coarse Sun 
Sensor * 4- 

! I 
ll~lllllllll-lWl-li 

Figure 5-1: Attitude  Control  Subsystem  Functional Block Diagram 
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minus  threshold  detector  resulted in a pitch- 
limit  cycle of +I/-2  degrees  (typical  in  wide 
deadzone)  and  a  pitch-minus  maneuver  rate of 
0.27 degree  per  second in wide  deadband. 
Narrow deadband  maneuver  rates  remained 
within  the  design  tolerance of 0.55 +0.05 degree 
per  second. 

Table  5-1  summarizes  extended-mission 
maneuvers. 

Roll error  signal from the tracker  was  never 
used  in  the  closed-loop  attitude  control of the 
spacecraft.  On 18 occasions,  Acquire  Canopus" 
was commanded  with  the  tracker off in  order 
to store Sun occultation  times  with the progrmn- 
mer. 

'< 

Table S - 2  consists of a listing of att i tude 
maneuvers  performed  during  the  extended 

Table 5-1: 
Extended-Mission  Maneuver Summary 

Type of Maneuver 

Roll 2 9 48 

Pitch 26 1 OH 

Yaw 13 10 

ASU, acquire Sun 13 106 

ACA, acquire  Canopus 0 18 

CDZ*, close  deadband "" 11 

VEL, velocity "" 2 

Table 5-2: Extended-Mission  Attitude  Maneuvers 
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0.2-Degree  2.0  Degree 
Deadband  Deadband I 

):ty:tIr:AliIl:S(x 

264:  13:34:38.8 
" - 

266: 14: 10: 16.1 

15: 11:42.8 

268:15:47:21.3 

16:48:48.2 

270:  10:23 

10:28 

1 0 :  38 

I1:42 

11:45 

12: 19 

12:41 

13:29 

270:  13:30 

18:25 

272:  12:05:  16.3 

13:06:43.2 

53.0 tlex 

53.1 den 

53.0 deg 

50.0 deg  

5.0 deg 

95.0 tlrg 

360 deg 

90 .0  deg 

43.0 deg 

6.0 (leg 

53.1 (leg 
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Table 5-2 (Continued) 

l ) a ~ : l I r : I l i ~ ~ : S t ~  

274: 12:40 

12:50 

13:02 

13: 18 

13:51 

14~03 

275:  12:05 

12: 19 

12:36 

14:48 

276:  12:32 

12:41 

13:02 

13: 19 

13:35 

277:07:59:38.6 

09:01:05.5 

279:09:35:43.8 

10:37: 10.7 

281:11:11:47.0 

17: 13: 13.9 

282:20:30 

21:29 

23:07 

23: 18 

23: 36 

23:49 

283:  15: 5 1 

18:31:47.7 

18:45:27.1 

- 
Evcl l t  

AS U 
- 
Hop 

HOM 

PI M 

ROP 

ROM 

PI M 

Hob1 

YAM 

ROlLl 

AS U 

PI hl 

RO M 

ROP 

Y.4hl 

ASU 

PI M 

A S U  

PIA1 

A S U  

PI M 

A S U  

PI hl 

ASU 

RO M 

R O  P 

1’1 I1 

HOhl 

ASU 

c: DZ‘ - 

l ) ~ l ~ : l l ~ . : J I i ~ ~ : S ( ~ ~  

%:i: 19: 16 

19: 18 

l9:37 

l9:37 

19:38 

284: 14:49:40.6 

15:51:07.5 

286:  16: 12:06.7 

17: 13:33.(i 

288: 17:34:32.8 

18:39:02.7 

290: 18:56:58.9 

19:58:25.8 

291:05::30 

0 8 : X  

13:38 

292320: 19:25.0 

21:20:51.9 

294:21:41:51.1 

22:43: 18.0 

296:21:37:08.2 

223338335.] 

298:22:.59:34.3 

29H:00:01:01.2 

300: I f :  15 

1 9 :  59 

301:00:22:00.4 

0 1  :2.1:27.3 

303:Ol: 1-1:26.5 

(E:-i5:53.4 

- 
- L‘:\x.11 

RO 13 

1’1 M 

CDZ 

A \7 

PI h.1 

ASU 

1’1 hl 

A S U  

1’1 I1 

A S U  

1’1 h1 

A S U  

1’1 M 

AS u 
1’1 h4 

PIP 

4s u 

PI hl 

4su 

PI x1 

4 s u  

PI x1 

4su 
P I  M 

4 s u  

1’1 I’ 

AS U 

1’1 \1 

A S U  

1’1 hl - 
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Table 5-2 (Continued) 

305:0:3:06:4 1.6 

04:08:08.5 

307:04:28:57.7 

05:30:24.6 

301-):05:51: 12.8 

06:52:39.7 

31 1:07: 13:3H.H 

OX: 1,5:05.8 

313:08:36:0S.I 

09:37:3 I . u  

31,5:0!):.58:331.1 

10:59:.5X.O 

,317: 11:20:57.2 

12:22:24.1 

319: 10:2:3:24.0 

11:24:SO.H 

:320: 1x: 12:41 . o  

IX:21:OX.O 
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Table 5-2 (Continued) 

l h y : l l r : A l i l l : S (  

: 3 3 5  m 5 2  

223.58 

23: 20 

337:23:41: 14.4 

338:0():42:41.:3 

339:oo: 1 0  

0():20 

00:31 

0O:SO 

0 I : x  

01:36 

06:2 1 

15:55 

540:20:00 

20: 19 

342:21:03:51.2 

22:05: 18.1 

344322326: 17.3 

23:27:44.2 

345:21:lH:Sl.S 

21:19:51.,5 

21:33:31.0 

2J:34:22.4 

346: 1A:47: 18.5 

17:48:4S.4 

348:18:00:44.6 

19: 1l:Ol.S 

20:03:03.5 

349:20:03:03.5 

20:16:43.0 

l h ! : l l l ~ : \ l i l ~ : S t  

.‘34<J:20:  17:34.: 

20: 52 

21:13 

351:21:34:04.4 

22:35:31.5 

:352: IO: I I 

19: 16 

20:35 

22:oti 

22:2’i 

92 ; .5g 

353:06:07 

06:46:03.5 

06:46:03.5 

06:59:00.0 

06:5H:S 1.2 

07:49 

07:53 

I1:22 

354: 10:47:27.7 

11:48:54.4 

355:22:33:03.5 

22:46:43.0 

22:47:34.5 

3~56:02:24:00.1 

02:37:4:3.0 

02:38:34.4 

03: 1-5 

03:26 
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Table 5-2 (Continued) 

I);Iy:IIr:hIill:Scc 

358:03:46:54.4 
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0 6 :  10:47.4 
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12: 16:40.3 

22: 13:OO. I 
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22:47:35.0 
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- 
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002: 12:52:35.0 

16:25:00.1 

16:38:43.0 
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003: 12:40: 18.5 

13:41:45.4 

005: 14:02:44.6 

15:04:11.5 
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18:47:43.0 
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2:3:3 1 ::35.0 
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Table 5-2 (Continued) 
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07:32 

07:48 

- 
EVVllt 

PIM 

A S U  

PI M 

AS U 

CDZ* 

ROI’  

A S U  

H O P  

1’1 M 

1’1 I’ 

A S U  

M( ) I’ 

HO I’ 

AS U 

x 0  I’ 

Y A P  

Y A M  

CDZ 

AS U 

1’1 nl 

A S U  
A C A  

P I  I’ 

R O P  

A S I I  

1’1 hl 

AS U 

CDZ* 

HOM 

I’IM 

- 

- 

58 



Table 5-2: (Continued) 
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Commanded Actual Error Bias Error  Scale  Factor 
Maneuver Magnitude deg % deg  deg/hr 

YAM 360 359.25!+0.02 +0.75  0.21 +O. 172  +0.88 

YAP 360 3511.60 20.02 -0.40  0.11 +O. 175  +0.88 

~~ 

0.99840 

PIM  360 359.76 +0.02 +0.26  0.07 t-0.092 +0.48 

PIP 360 359.95 +0.02 -0.05  0.01 +0.089 +0.48 
0.99959 

~ 

Table 5-4: Inertial-Hold  Drift  Measurements 
Day(GMT)  Measured  Drift (deghr)  Comments 

Roll Pitch Yaw 

1967 214 +0.075  +0.071  NDZ  before  Canopus  wquisition,  5  hr 

2 14 +0.045  0.078  0.093  NDZ after Canopus  acquisition,  7  hr 

215 0.038  0.004 0.090 NDZ,  30-hr  test 

216  0.064 "" "" Pitch and yaw in  CLC,  NDZ 

22 1 "" 0.094  0.117 3-axis test,  4  hr,  insufficient  data 
for  roll 

29 1 "" 0.53  0.24  WDZ,  estimated drift during eclipse, 
5 hr 

325  0.68  0.33  0.61  WDZ,  pitched off  -53", 6  hr 

335 "" 0.46  0.79  NDZ  on Sun, 3 hr 

1968 008 "" 0.51  0.91  NDZ, on Sun,  1.5  hr 

018  0.77 ""  "" NDZ, 011 Sun,  tracking Acrux 0.25  hr 

02 1  0.52 "" "" NDZ, on Sun, tracking C:tnopus 0.3  hr 

026 "" 0.5 "" WDZ,  pitched off-Sun about  +54" 

03  1 "" 0.5 "" WDZ,  pitched off Sun  about  +50" 
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photographic  and  extended  missions.  Drift 
me;lsurements  obtained  while off Sun  or froill 
tests of less  than about 3 hours’ duration  are of 
limited accuracy but  are  tabulated  because  no 
better  data  are  avwilhle. 

Figure 5-2 shows  drift  data  plotted  against  time, -- 

emphasizing  the  increasingly  positive  trend of 
drift in  a l l  three axes. 

Gyro  wheel  currents  were  well  behaved 
throughout  the  mission.  Start,  end,  and  extreme 
values of wheel  currents  are  shown in Titble 5-5. 
These data  indicate a slight  decrease of wheel 
current in a l l  three axes, which is to be expected 
;IS the  bearing  preloading  relaxes.  Comparing 
wheel  current for Days 026 and 029, it is signifi- 
cant that for the  same  temlwrature, 1)itcli current 
decreased  three  telemetry bits while y21w 
clIrrent increased  two  bits  after  the 1)eriocl when 
;I prolxtble  power interruption was experienced. 

Table 5-5: Gyro Wheel Currents 

GMT Day 

242 (start) 

026  (before 
anomaly) 

029  (after 
anomaly) 

031 (high) 

291  (low 1,ns 
voltage: 
21.6  volts) 

Current  (ma) T 
- 
Roll - 
83.5 

83.0 

83.5 

85.1 

80.3 

- 
Pitcl- - 
9 1 .o 

90.4 

88.8 

92.0 

86.2 

- 

- 
Yaw - 
88.3 

87.7 

87.8 

88.8 

85.7 

- 

Gyro 
Temperature 
Percent of 
Fdl  Scale 

50.0 

50.0 A 10.8 

1 .o 
NDZ, On-Sun, 1.5 hr f 

U.0 r- 
0.4 

0.2 

Design tolerance +O. 5 
“““I”“” 

-Regular mission dr i f t  

/A 

Off 

- 
‘-Sun 

.O- 

pitch 

-0-0 

+ 50° 

o p r  I I 1 I I I I I I I I I I I I I 
21 0 230 250  270 290 310  330 025 

I - 1967 1968 - 
Day of Year 

Figure 5-2: Drift Measurement History 
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Gyro  temperature  is a pseudo-temperat~Ire 
output  signal  derived from the  addition of error 
signals in the roll, pitch,  and yaw  gyro heater 
control circuits  plus  the  accelerometer  heater 
circuits,  and is somewhat  dependent  on  space- 
craft bus voltage. The temperature-control 
circuits  are  used  to  std,ilize  the viscosity and 
density of the gyro and  accelerometer flotation 
fluid. The measurenlent  is  expressed in per- 
centage of full  scale from O to 1OO%, correspolld- 
ing to the  telemetry  rmge of 0 to 5 volts. The 
approximate  indicated IRU  tempe1xture  range 
for 0 to 100% is 142.5 to 147.5"F. The gyro heater 
control circuits  are  normally off when  the I R U  
ternperat1lre goes above 100% and  the I R U  
temperature  increases at a 1: 1 rate, with increase 
in spucecraft EMD temperature. 

Gyro  temperature  telemetry  indicated  that  at 
least  one gyro heater loop s;lturated on Day 335 
and again on Day 031. On  both occasions  gyro 
temperature  reached 88.8% of fu l l  scale.  Tem- 
perature  history for Day 031 is shown in Figure 
5-3 when  the  EMD (ST03)  reached a peak for 
the  extended  mission of about  114°F. 

Equipment mounting deck (ST03) 
' temp. OF 

r 

Sharp increase in  
slope indicates  gyro 
heater  saturated 
ful l   of f  

W 
S .- - 
S 3 
ln 
3 

2 I 
9 Gyro temperature 
L 

percent  of  full scale 

1 I 

01:oo 02: 00 03: 00 04: 00 
GMT Day 031 

Figure 5-3: EMD (ST03)  and  Gyro  Temperature History  Showing  Probable  Gyro  Heater 
Saturation 
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Equipment 
Mounting Deck 
Temperature -- 
ST03 (degrees F) 

55 

50 

42 

4 

35 
Gyro Temperature 
(% of fu l l  scale) 

3c 

2: 

2c 

1: 

1 (  

l r -  

I -  

I -  

I -  

I -  

1 -  

) -  

I -  

) -  

I -  

06zO 
- 

07: 00 08: 00 09: 00 1O:OO 11:OO 12:OO  13:OO  14:OO 
GMT Day 291 

Figure 5-4: EMD (ST03) and  Gyro  Temperature History During Lunar Eclipse - Day 291 

50 

40 
EMD Temperature -- 
ST03 (degrees F) 30 

20 I 

. . .. 

- 38 
36 

- Gyro 34 
Temperature-- 32 

- AT02 (% FS) 30 From 13: 18 to 13:  35 
Note:  Accelerometer i s  off 

28 +-1 Frame time, 23 seconds 

26 - 

" . . 

13:15:29 
~ 

GMT Day 291 
13:41:35 

Figure 5-5: Gyro  Temperature Oscillation 
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not  occur  when  the gyro temperature was at  a 
normal 40  to 60%. 

5.2.1.2 S tar  Trucker 
The star  tracker,  which  continued  to perform 
satisfactorily during  the  extended  mission, was 
cycled on and off 31 times for a total operating 
time of 46  hours, 35 minutes.  Including  the 
photographic  mission,  the  tracker was on 21 total 
of 80 hours,  45 minutes and was  operated 
through 229 on-off cycles. S t x  n ~ a p  signal for 
Canopus  remained  at  ahout 2 volts during  the 
mission. 

Comlxuison of maneuver  angle  and  change i n  
tracker 1)osition signal during il wide dead1)and 
roll maneuver  with  Canopus in the field of view 
demonstrated a one-to-one  correspondence 
between  these two  measurements of roll dis- 
placements,  within  the  resolution of telemetry 
(al)out 0.05  degree). 

Another comp~-ison of gyro  position change 
with  tracker  position  change  while  tracking 
Cmopus i n  the  inertial 11old mode  showed  that 
these  parameters  agree  within the telemetry 
x!curwy. 

The lower  Canopus  presence  gate and the 
tracking  mode  gate  continued  to  operate  at their  
design  points. The upper  Canopus  presence 
gate W ~ I S  not  activated during the extended 
mission. 

During  the yaw maneuver  nccurxy  test,  the 
BOS closed  when  the  tracker  bore was about 80 
degrees from the  sunline. 

Star  maps  were  performed on Days 270, .324, 
and 335. Telemetry  maps for these occasions 
are  shown in Figures  5-6  to -8. Roll 360-degree 
antenna  maps  were  performed  on  Days  018  and 
031 with the  tracker  on;  however, no  stars were 
identified  and  the  peak  signal  strength  point 
was used as the primary  reference. On Day  018 
the  reference  obtained with the antenna w a s  
used to locate the  star Acrux, which was suc- 
cessfully  tracked. 

5.2.1.3 Sun Sensors 
Yaw sun  sensor  output voltage at a pitch  angle 
of 30 degrees  was  approximately 75% of the 
voltage when  oriented  on  the Sun. The values 
corresponded with those of previous  missions; 
however,  the  predicted  chmge was  86%. The 
difference of 11% was caused b y  a masking 
effect due  to  sensor  construction  and was  not 
detrimental to the mission. The sun sensor 
narrow- and  wide-deadlxlnd limits (see  Table 
5-6) are  within specificiltion, except a s  noted in 
pitch. 

5.2.1.4 Closed-Loo]) Electronics 
On Day  270  it wils observed  that  the  pitch- 
minus  maneuver  rate i n  wide   dedband was 
-0.24 degree  per  second  and  that the pitch 
dexlbmd limits  (narrow d e d x m d ,  inertial 
hold)  were  +0.115/-0.171  degree. The nominnl 
rate is O.OS degree  per  second m c l  the cleadbund 
limits observed  during  the  photographic mis- 
sion were  +0.163/-0.171  degree.  Operation of 
the pitch axis was  normal on Day  239. Short 
tracks between  Days  239 and 270 did not provide 
sufficient dat:1 to evalrmte the  de;~dband; 
therefore,  the  exact  time  the  problem  began is 
not  known.  Operation of the  pitch  attitude 
control chmnel was consistent  with  the con- 
clusion  that the  minus  threshold  detector was 
triggering Lit -1.1 volts instead of a norn~al 
-2.0 volts.  Calcrllations show  that  this  would 
result in a wide-dendbancl  maneuver  rate of 
-0.27  degree  per  second, a narrow-deadband 
rate of -0.53 degree  per  second, and a pitch 
deadband  turnxound  at  about half the  normd 
value.  This  condition  did  not  impair  operation 
of the  spacecraft;  howeber,  it is estimilted  that 
about  0.25  pound of additional  nitrogen was 
consumed a s  a  result of the  higher  maneuver 
rate. 

Except for the  change in the  pitch-minus 
thresholcl detector  between  Days  239 and 270, 
the operation of the closed-loop  electronics was 
normd,  and is summarized in Tables  5-6 and -7. 
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Star Map  Tabulation 

Roll  Start  Day 270,  12:19 

SlDL No.,  Name 
Clock  Angle  (deg) Canopus Map  Voltage 

A Priori  Observed Flux  Ratio A Priori  Actual No.  

1 601, Earth 

~~ 

99  99/110 5.8X108 - 1.34 

2 602, Moon - 160/270 5.8X103 - * 

3 2, AL CAR, Canopus 0 Reference 1 2.5  1.75 

52, TH SCO .09 

46, KA SCO 85/90 .05 ::; } 1.0 

19, LA SCO, Shaula 90  .19  0.8 

5 32, EP SGR Kaus 93  91 
Austral i s  

.12 0.7 0.8 

* BOS Closed 

I I I I I I I I 1 I I 1 I I 1 I I 
~ 

60 120 1 80 240 

Maneuver  Angle (degrees) 

300 

Figure 5-6: Telemetry Data Star  Map - Day 270 
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Star Map  Tabulation ' 

Roil Start Day 324,  15:06 

T/M I SIDL No.,  Name No. 

602 Moon 

132 GA LEO 

502 Jupiter 

23 GA VEL, Alnitak 

40 DE VEL 

61 IO CAR 

131 EP CAR Avior 

Unidentified 

Clock A 
A Priori 

- 
271.6 

279.4 

344.9 

348.9 

351.7 

354.6 

- 

125/220 

272.4 

Reference 

345.0 

348.2 

352.3 

355.1 

1 .o 

Canopus 
Flux  Ratio 

- 
0.05 

1.36 

0.10 

0.08 

0.06 

0.05 

- 

~ 

Map  Voltage 

A Priori 

- 
0.6 

4.1 

0.6 

0.6 

0.6 

0.6 

- 

- 
Ac tua I 

4.3 

0.98 

4.56 

0.94 

0.92 

0.90 

0.92 

0.96 

T/M 1 vtoon T/M C 

L B O S  Closed 

Day 324,  15:06:33.6 

upiter 

- 

- 

I I I I I I I I I I 1 I I I I I I 
0 60 * 120 1 80  240  300  360 

Maneuver  Angle (degrees) 

Figure 5-7: Telemetry  Data Star  Map - Day 324 
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Star Map  Tabulation 
Rol I Start Day 335,  14:31 (Minus  Roll) 

~ ~~ 

- 

T/M Clock  Angle (deg) Canopus Map  Voltage 
No. A  Priori Observed Flux Ratio A Priori Actual 

. 

SlDL No., Name 

1 16  AL  PSA Fomalhaut 77 Reference 0.14 0 -6 0.7 
- . - "" " . - 

2 5 AL ERI Achernar  40 42 0.43 * 0.8 

3 

28 BE CAR Miaplacidus 35 8  356 0.09 0.6  0.68 

131 EP CAR Avior Not separately 0.05 - - 
61 10 CAR 348 352 I 0.06 - - 
40 DE  VEL 346  346 0.08 0.6  0.72 

. 56 KA VEL 344 340 0.05 0.6 0.70 

identified 

31 EP UMA  Alioth 

27 ET UMA  Alkaid ::z } 224 

55 ZE UMA Mizar 222 

:::: } 0.6  0.68 

0.06 

I I I I I I I I ~~ L I I I I 
0 -60  -120  -160  -240  -300  -360 

Maneuver Angle (degrees) 

Figure 5-8: Telemetry  Data Star  Map - Day 335 
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Table 5-6: Limit Cycle Characteristics 

Deadband  Limit  (degrees) 

Operational Roll Pitch Yaw 
Mode Plus Minus Plus Minus Plus Minus 

Inertial  hold, 0.2" deadband +0.162 -0.170 +0.068 -0.172 +0.164 -0.170 
-~ ~~ 

Conventional  limit cycle, 0.2" fine N.A.  N.A. +0.074  -0.173  +0.160  -0.202 
sun sensor  only 

Conventional  limit  cycle,  0.2"  fine N.A. N.A. +0.081 -0.125  -0.047  -0.263 
and coarse  sun  sensor 

Conventional  limit  cycle,  2.0"  fine N.A. N.A. 
sun sensor  only 

* * + 1.HHI-I * 

Conventional  limit  cycle, 2.0" fine 
and coarse  sun  sensor N.A.  N.A. +0.912  -1.582  +1.574  -1.846 

*Insufficient  data 
Notes: 1)  CLC in roll not used 

2) CLC 2.0 " and 0.2"  coarse  eyes  not  used 

The maneuver rates shown in Table 5-7 repre- 
sent  the  lower  constant  rate  mode  deadband 
limit  since  they  were  taken a s  soon after  acceler- 
ation cutoff a s  possible. 

Thrust vector  control during  the  two velocity 
maneuvers is summnrized in Table  5-8.  Residual 
limit  cycle  rates  after the  burns  are  shown i n  
Table  5-9. 

Figure 5-9 is a  plot of actuator and gyro  positions 
during  the  burn of Day  283. The short  duratiol> 
of the  burn on Day  031  does  not  allow a useful 
graphical  representation. 

Table 5-7: Extended-Mission  Maneuver Rates 
(typical  rate  at  acceleration cutoff) 

Maneuver Rate (deg/sec) 
Narrow Deadzone  Wide  Deadzone 

Plus  Minus  Plus  Minus 

Pitch  +0.516  -0.537  +0.0673  -0.260 

Yilw +0.508  -0.513 * -0.0560 

No data 

Table 5-8: TVC  Actuator Position Summary 
~ 

Actuator  Position (degrees) 
~~ 

Pitch 
GMT of Burn 

Yaw 

start  Change  End StMt Change  End 

238: 1937  -0.135  -0.030/-0.  170  -0.085  +0.490  +0.360/+0.440  +0.460 

031:06:13 -0.085 -0.062/-0.085  -0.085  +0.428  +0.428/+0.473  +0.428 
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Table  5-9: Postburn Residual Rates 
~ ~~ 

Residual Rates (deglsec) 
GMT of  Burn Roll Pitch Yaw 

283: 1O:37 -0.0040 +0.077 +0.051 

031:06:13  -0.0046  +0.027  +0.037 

Figures  5-10 and -11 show typical limit cycle 
activity during the extended mission. 

TVC Actuator 0.4 
Position (degrees) 

- 

0.2 - 

0 -  

-0.2 - .~ I 

Gyro Position 
(degrees) 

Figure 5-9: Gyro and  Actuator Position  During Bum - Day 283 



07:OO 08:OO 09 :00 

Figure  5-10: Limit Cycle - Day 331, 07:OO to 1O:OO 

l 0 : O O  

+0.3 . . . 

- - 
2 0  

-0.3 "L~ I .. 

+O. 3 
Gyro Position 

(degrees) 
x 

n- .2 o 

-0.3 
+0.3 

>- 
g o  

-0.3 
13:15 14:OO 15:OO  15:54 

Figure  5-11: Limit Cycle - Day  024,  13:15 to 15:54 
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Figure, 5-12: Nitrogen Supply History 
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maneuver  rates of Table 5-7,  a  total  spacecraft 
weight of 580 pounds,  and  actual  samples of 
limit  cycle  characteristics. The dynamic  calcula- 
tions  show a slightly  higher  usage  than  do  tele- 
metry  data. There was some  nitrogen  leakage 
through  the.  isolation squib  after  the  burn  on 
Day 283, as  indicated  by  the  rebound in propel- 
lant tank pressures. 

Using the  telemetry  data,  it is estimated  that 
5.09 pounds of nitrogen were  consumed  during 
the  extended  mission.  Usage is broken  down 
into various  categories  in Table 5-10. The slight 
leak into  the  propellmt  tanks is ignored. 

Table 5-10: Nitrogen  Usage Breakdown - 

A 

Limit  cycle  1.25 Ib 

h4aneuvers 1.73 I11 

Anomaly  (026/029)  2.11 11) 

Total 5.09 I11 

B 

Cruise  mode  1.90 lb 

Special  activity 1.08 Ib 

Anomaly (026/029)  2.11 Ib 

Total  5.09 Ib 

At impact  about 0.36 pound  remained  at a 
pressure of 77 psi. Despite  the  low  pressure, 
operation  appeared normal. 

When  possible,  thruster  performance was 
evaluated for maneuvers. The restllts,  shown i n  
Table 5-11, indicate  that  the roll thrusters  were 
still  operating  at  full  thrust on D a y  031. 

In the  course of performing  235  maneuvers, 119 
Sun  acquisitions,  154  days of wide  deadzone 
limit  cycle,  and  about  43  hours of narrow  dead- 
zone  limit  cycle,  it is estimated  that  there  were 

Table 5-11: Reaction Control Thruster 
Performance 

Axis Direction Thrust  Pressure  Time of 
(Ib) (psi)  Maneuver 

~ ". 

Roll Plus 0.0640 93 031:01:27 

Roll Plus 0.0635 613 021:13:03 

Roll Plus 0.0640 645  021:07:55 

Pitch Plus 0.061 710 012:22:30 
~~ - 

64,100  roll,  87,600 pitch,  and  62,700 yaw thrust- 
er  oper a t' Ions. 

5.2.1.6 Control Assembly 
During  the  extended mission the control 11s- 

sembly  responded  correctly to a l l  real-time  and 
stored-program  commands. A total of 91 1 coni- 
mands was trmsmitted  and executecl c111ring 
the  extended  mission. 

The programmer  cycled  over 1.54 I)illion times 
and accumulated  154  million clock incrementa- 
tions while  directing  spacecraft  operation.  The 
total clock error a s  of Day  026 w x  plus 4.78 sec- 
onds for a drift rate of 1.11 milliseconrls 1)er hour. 
This drift is within the  design  tolerunce of 3.4 
milliseconds  per  hour. 

When  possil)le, the programmer w a s  configured 
i n  a nons tmd~~rd  mode to permit  accurate  deter- 
mination of Sun occultation  times to be used a s  
a data  input for experimental  orbit  determination 
work. The sequence  commanded was a s  follows: 
1) All  sunsensors off 
2) Wait 3.2  seconds 
3) Accluire Sun;  acquire  Canopus 
4) Wait 819.2  seconds 
5 )  Pitch pl11s 0.011 degree 
6) Wait ,512 seconds 
7) Roll plrls 0 . 0 1  1 degree 
8) All sunsensors  on 

This  sequence  placed  the  flight  control  switch- 
ing to a pseudo-sensor  mode;  consequently, 
the Sun occultation  time was stored i n  Fixed 
Memory  Address 6 (FMA6). 
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The sequence was initiated b y  a real-time J M P  
commmd,  the  timing of which  ensured ' that 
Sun  occultation  occurred.  during  the 819.2- 
second  wait  time.  The  sun sensors were  dis- 
connected from the closed-loop  electronics 
before  the ac'quire-Sun command  in  an effort 
to  inhibit  actual  Sun  acquisition  and,  conse- 
quently,  nitrogen  usage. 

5.2.1.7 Switching Assembly 
The  switching  assembly was  not used  during 
the  extended mission  except for velocity 
maneuvers.  Performance  was  normal. No 
anomalies  in the spacecraft  telemetry d* A t a were 
observed  that  would  indicate a switching 
assembly  problem. 

5.2.2 Communications Subsystem 
The  communicatiol~s  subsystem  (see  Figure 
5-13) consists of the  equipment  which: (1) re- 
ceives information from the  ground via an R F  
link m d  converts  this  information  to a form 

suitable for use  by  the  spacecraft; (2) receives 
information from the spacecraft  (telemetry  and 
video),  converts  this  information  to  modulation 
on  an R F  carrier,  and  transmits  this  modulated 
R F  carrier to the  ground; (3)  receives  ranging 
information from the  ground via R F  link, 
modulates  this  information  on  an R F  carrier,  and 
retransmits  this  to the  ground for use in range 
determination;  and (4) establishes a specific 
ratio between  the  received R F  frequency from 
the  ground  and  the spacecraft-trHnsmitted 
frequency for accurate  determination of the 
spacecraft  velocity using  Doppler  information. 

The communic~~tions  subsystem  operated 
no~ninally  throughout  the  extended  mission 
while  performing  the  functions  listed  below. 

Col3!smyd Capability - The command  loop 
received,  verified,  and  executed 91 1 commands 
without  error;  the  use of the  ~ommand  decoder 
redundant-comn~~~nd register was never  re- 

r """ 1 
Low-Gain 

8, Clock 
Subsystem Performance- 

Measurements 

"- 

Temperature 
Measurements 

yhz" 1 I- Video Data ' Subsystem 
L",,-J 

Figure  5-13: Communications Subsystem 
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quired. The communications  subsystem 
responded to all  operational  commands as 
directed. 

Spacecraft TerforlwJance Information - Tele- 
metry  data from all  spacecraft  subsystem  trans- 
ducers  were  compiled  and  transmitted  with 
desired accuracy. 

~- Lunar  Environment  Information - As a primary 
objective of the  extended  mission,  radiation  and 
micrometeoroid  data  were  provided  by  the 
communications  subsystem  throughout  the 
extended  mission. 

Photognq,llic  Information - Although the 
communications  subsystem  maintained  this 
capability, no video  data  were  transmitted  dur- 
ing  the  extended  mission. 

0 
0 

x Post Eclipse, Day 335 

.~ Selenodetic  Inforn-ation - Ranging and co- 
herent  Doppler  data  using  two  tracking  stations 
were  successfully  provided  throughout  the 
extended  mission.  Time  correlation  between 
tracking  stations  was  accomplished  using the 
ranging  system. 

5.2.2.1 Trunsponder 
The transponder  operated satisfactorily  through- 
out  the  extended  mission.  Telemetry  indications 
of transponder R F  power  output variations 
with transponder  temperature  are  shown in 
Figure 5-14. The  data  prior to and  during  the 
lunar  eclipse  agree favorably  with the flight 
acceptance  test (FAT) data. After the  eclipse, 
however,  the  flight  data  diverged from the FAT 
data  and a noticeable  discontinuity was ob- 
served  when  the  transponder  temperature was 
between 80 m d  H O O F .  This  discontinuity is 

10 2G 30 40 50 60 70 80 90 100 

Transponder Temperature -- CT02 (degrees F) 

Figure 5-14: Transponder Power Output 
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better  illustrated in Figure 5-15. The discontinu- 
ity was regularly  observed  later in  the  extended 
mission whenever  the  transponder  temperature 
w a s  greater  than 80 to 90°F. The accuracy of 
the  transponder RF power  output  telemetry 
measurement (CE10) is & 20% of full  scale, 
which  would  more  than  encompass  the varia- 
tions  observed. Actual power  output variation 
was  only  about  one  third to one half that  indicnt- 
ed by  telemetry  because of the  temperature 
sensitivity of the  transponder  power  output 
signal  sampler.  Figure 5-16 illustrates  the  trans- 
ponder  temperature  and  indicated RF  power 
output  observed  during a l l  the  extended- 
mission  tracking  periods. 

No problems  were  encountered with the 
ground-received signal strength, ancl the trans- 

ponder  fulfilled  all  design  requirements  while 
operating for 183 days. 

5.2.2.2 Truveling-Wuve-Tube Amplifier 
The TWTA  provided a high-power  signal for 
extended-mission  operations  and for tracking 
by  the  manned  spacecraft  network  st a t'  ions. 
The TWTA was operated in the on state  through 
85 Sun  occultations,  the  longest of which was of 
36 minutes'  duration. 

Previous  low-input  voltage  tests  have  shown 
that  the TWTA power  supply  loses  regulation  at 
input voltages between 24.7 and 24.0 volts d.c. 
and  that all TWTA telemetry  values  are  affected. 
Figures 5-17 to -19  indicate typical  TWTA 
performance  during a Sun  occultation  (low-input 
voltage).  It  can  be  seen  that  this TWTA power 
supply loses  regulation  at an input  voltage (bus) 
of 24.7 volts d.c. No degradation of TWTA 
performance was observed  during  the S r ~ n  
occultations,  and  the TWTA telemetry v d r ~ e s  
returned to nomind with the  return of the  input 
voltage to nornxd (30.56 volts c1.c.). 

Indicated Transponder 
Power Output -- 
CElO (mw) 

440 
X 

X 
X 

X 

420 - X 
X X 

X X 
X x x  

x x x  
x x x  

400 - X X 
x x  x 

X 
X 

X 
X 

380 X 
X 

X 
X 

X 

360 I I I I I 
50 60 70 80 90 100 

Transponder Temperature -- CT02 (degrees F) 

Figure 5-15: Transponder Power Output 
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500 

480 

460 

440 
Tranmonder RF Power 
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Transponder Temperature 
(degrees F) 

420 

400 

380 
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I I '  ' I  I I, 

I I I I I I I I 
240  260  280  300  320  340  360 015 035 

Day of Year 

110 
- 100 

- 

90 

80 

70 

60 

50 

40 

30 

20 

10 

1 \ 1 1 )  'I ' I I  

0 1  I I 
240  260 280  300  320  340 360 015 035 

Day of Year 

Figure 5-16: Transponder Power/Thermal History 
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Indicated TWTA Power 

- CEO2 (watts) 

Time after Sun Occultation (minutes) 

Bus Vo I tag e 

- EEOl (volts d .c .) 

Time after Sun Occultation (minutes) 

Figure 5-17: TWTA Sunset Performance 
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Helix Current - CEO4 

(ma) 

Time after Sun Occultation (minutes) 

Helix Voltage - CEO3 

(volts) 

1240 

1220 

1200 

1180 

1160 

1140 

1120 

Time after Sun dccultation (minutes) 

Figure 5-18: TWTA Sunset Performance 
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(ma> 

44 

43 

42 
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Figure 5-19: TWTA Sunset Performance 
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The TWTA was cycled  on  and off 24 times  and mission. TWTA operation  throughout  the ex- 
had  an  accumulated  operating  time of 280.5 tended  mission was  nominal  as  indicated  by 
hours  during  the  extended  mission.  Figures 5-20 Figure 5-22 (minimum  and  maximum  telemetry 
and -21 indicate  TWTA  turn-on  characteristics values  recorded  during  each  tracking  period  the 
at  the  start  and  completion of the  extended TWTA was operating). 
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- 44 
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........................................................ 
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I I I I 
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at  turn-on - 4 6 O F  (STO1) 
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Figure 5-20: Initial TWTA Turn-On 
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Figure 5-21: Final TWTA Turn-On 
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Figure 5-22: TWTA Performance History 
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5.2.2.3  Commtrnd  Decoder 
The command  decoder performed a s  planned 
throughout  the  extended  mission;  there  were  no 
errors in  any of the verified  words  that  were 
executed  into  the  flight  programmer. 

5.2.2.4  Modulation  Selector 
Operation of the modulation  selector was  very 
satisfactory. All design  and  operation  require- 
ments for the modulation  selector  were ful- 
filled. 

5.2.2.5  High-Gain  Antennu  Position  Controller 
The antenna position controller  responded 
successfully to all  rotation commands,  and  the 
encoder  that  telemetered rotation angle  func- 
tioned  correctly.  During  exposure to outerspace 
environment,  the  antenna was rotated a total of 
1,183 degrees to the left and  958  degrees to the 
right. The portion of this total rot 21 t .  1on accrlnltl- 
latetl drlring the  extended  mission was  1,147 
degrees left and 641 degrees right. 

5.2.2.6 Radicrtion 
The RDMS  continued to frlnction norm:1lly 
during  the  Lunar  Orbiter V extended  mission. 
Dosimeter 1 (DF04), located  near  the film 
cassette, had a sensitivity of 0.25  rad per  count 
with a capacity of 0 to 255  counts.  Dosimeter  2 
(DF05), located  near the cmnera looper,  had ;I 

sensitivity of O.Fj ntd 1)er count  and a similar 
calxwity of 0 to 255  counts.  Dosimeter 1 hac1 
recorded 1.50 rads :it the  beginning of  the 
extended mission and  increased to 5.75 r d s  b y  
the  end o f  the  mission.  Dosimeter2 11x1 recorded 
1.0 rad at the  beginning,  and  increased to $1.0 by 
the  end of the mission.  More detailed  radiation 
information is presented i n  Section  4.1.1. 

5.2.2.7  Micrometeoroid  Hits 
At the initiation of this  extended  nlission, a hit 
had  already  been  sustained on Detector 6. Five 
additional  hits  were  later  recorded. Additional 
information regarding  the location and time of 
these  hits is presented in  Section  4.1.2. 

5.2.3 Power  Subsystem 
The electrical  power  subsystem is the  sole 
source of all  electrical  power  used  by  the  space- 
craft a s  it performs  all phases of its  space 
mission.  Radiant  solar  energy is collected by  

2,714 N-on-P solar  cells  mounted  on  each of four 
solar  panels  and is converted  into  electrical 
energy.  This  energy  supplies  all  spacecraft 
loads,  power subsystem  losses,  and  charging 
current to the nickel-cadmium h t t e ry .  The 
shunt  regulator  also  limits  the  bus voltage to 
less  than 31 volts b y  dissilxlting  excess  electrical 
energy  in  power  resistors  mounted  externally 
to  the spacecraft thermal  shield. A charge  con- 
troller  protects  the  battery from over  voltage  and 
over  temperature  conditions  by  regulating  the 
charging  current. The 12-:umgere-hour battery 
provides  electrical  power to the spacecraft 
loads during  periods of Sun  occultation.  Refer  to 
Figure  5-23 for a functional  schematic of the 
subsystem.  The  boost  regulator  provides 
regulated  power to the  photo  sulxystem. 
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Figure 5-23: Power  Subsystem 
5.2.3.1 Solcrr Array Perfornztrnce 
The solar  array operated  normally throrlghout 
the  extended  mission.  Sufficient  power was 
provided to maintain a constant bus voltage of 
30.56 volts when in the  sunlight. Solar panel 
degradation was minimal.  Total  solar  panel 
outljut  power  at  Lunar  Orbiter V launch was 
12.40 amperes  at 30.56 volts. As the mission 
progressed, the  output  power  varied with time 
as a function of solar  cell  degradation  and the 
changing  solar  constant  (see  Table  5-12). The 
figures  are  adjusted to an equal  solar  constant. 

Solar panel  degrdation is in agreement  with 
that  nleasured  on  other  Lunar  Orbiter flights. 
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Table 5-12: Solar Panel  Degradation 

Measured  Data 
At Solar Constant 

GMT Day  (amps) ~- 

213  (Launch) 12.49 
at 126.1 w/sq ft 

300  12.73 
at 131.6 w/sq  ft 

335 

03 1 

12.91 
at 133.6 w/sq ft 

12.85 
at  133.9  w/sq ft 

Data  Converted 
To Launch  Day  Apparent 
Solar  Constant  Degrad a t ' 1011 

(amps)"" 0- 
12.49 ""_ 

13.03 2.3 

13.23 2.4 

13.26 3.1 

The performance of the  solar  array  during  the 
lunar  eclipse on Day  291  (October 18) is shown 
in Figure 5-24. The bus voltage  was  maintained 
at  30.56 volts until  08:48GMT,  at  which  time  the 
array current was 6.19  amperes. The solar  array 
performed a s  expected. 

A special  test  was  conducted on Day  012  to 
determine solar  array performance  at  high off- 
Sun angles  under  dynamic  and  static  maneuver 
conditions. The array  current was monitored 
while  the  spacecraft was being  pitched in a 
positive  direction by  95  degrees,  and  at  the  three 
static  angles of plus  70,  77  and 85 degrees. The 
results  are  shown in Section 5.3, Special  Flight 
Tests. 

5.2.3.2 But tery  Perfonnunce 
Battery  performance  was  as  predicted  during 
the  extended  mission. The highest  battery  tem- 
perature  recorded was  125.8"F on  Day 031 at 
02:53. This  high  temperature is due in part to 
changes  in  the  thermal  properties of the  space- 
craft that  occurred  after  Day 002. The battery  at 
114°F  satisfactorily sustained  the  spacecraft 
load of 4  amperes  during a 27-minute solar  array 
occultation  starting  at  05:54 of the  same  day, 
thereby  confirming  the  adequacy of the design 
to operate  at  elevated  temperatures. 

Several  extensive  battery  discharges  occurred 
during  the  extended  mission.  To  ascertain  the 

capability of the battery to support  the  October 
18, 1967  (Day  291)  lunar  eclipse, a plmned 
disclxlrge occurred on Day  270.  Another planned 
discharge  occurred  on Day 012  during  the  solar 
array performance  test. Both of these  discharges 
are  covered in Section 5.3, Special  Flight  Tests. 
An extensive  natural  discharge  occurred  during 
the lunar  eclipse on October 18. The  power 
subsystem  successfully  supported  subsystem 
electrical  load  delnands  throughout  the  eclipse. 
The minimum  battery  voltage  throughout  this 
period was  22.24 volts and  the  mininlum bus 
voltage was 21.6  volts. Figure  5-25  shows  the 
performance of the  httery.  The bus voltage was 
nlaintained ;it 30.56 volts u p   u n t i l  08:48  GMT,  at 
which  time  the array current w a s  6.19  mnperes. 
This voltage would  have been maintained for 
another 15 minutes  but for the  shunt  regulator, 
which  at  that  time  had  a  fault  current of 1.1 
amperes  at 30.56 volts. 

The normal nighttime  discharges  were not 
seen,  since  the  spacecraft was occulted from the 
Earth  at  these  times,  but  it is estimated  that  the 
nighttime  discharge  immediately  prior to the 
eclipse was 2.30 mnpere-hours.  It  appears  that 
1.15 ampere-hours  were  returned to the battery 
during  the  initial  period of the  eclipse for a net 
loss of 1.15 ampere-hours. The battery was in 
the  discharge  mode for 217  minutes  during  the 
eclipse;  thus,  it is estimated 10.65 ampere-hours 
were  taken  out of the  battery. The total discharge 
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was therefore 11.8 ampere-hours for a 98.3% 
depth of discharge  based  on  a  nominal 12- 
ampere-hour  capacity.  This  depth of discharge 
was  almost  equalled  on  the  subsequent  night- 
time  discharge;  however,  the  battery  voltage  at 
3 minutes  after  sunrise was 25.28 volts at 36.7"F, 
with  a  charge  rate of 1.35 amperes. 

5.2.3.3 Shunt  Regulator  Pegormance 
Shunt  regulator  performance was  satisfactory 
throughout  the  extended  mission  except for a 
short  period of time  when  excessive  nighttime 
current was being  drawn  by  the  unit.  This 
anomaly  started  some  time between  GMT  Day 
275,20:29 and Day 276, 12:lO and  ceased  some 
time  between  Day 291,  12:55 and  Day 300, 
16:41. Although there  were  intervening  tracking 

periods,  some of these did not  include  solar 
occultation  periods.  Therefore,  it  is  not  possible 
to cite exactIy when  the  fault  cleared  itself.  The 
maximum value  observed was 0.70 amperes, 
whereas  the  typical  value was about 0.50 
amperes.  Figure 5-26 shows  the  shunt  regulator 
leakage  current  during  the  October 18 lunar 
eclipse  period.  The  current was proportional 
to the spacecraft bus voltage,  indicating  an 
IR drop. The quality of the  power  supplied  to 
the  spacecraft was  not  affected.  Insufficient  in- 
formation  was available from telemetry  data  to 
develop  an  explanation for this  phenomenon. 

5.2.3.4 Charge  Controller  Performance 
The  charge  controller  regulated  the  battery 
charging  current to  a  maximum of i .350 amperes 
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Figure 5-26: Shunt  Regulator  Leakage - Day 291 
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throughout  the  extended  mission  and  performed 
as expected.  This  value of charging  current, 
which was optimized for the  photographic 
mission,  became  the  limiting  factor  in  determin- 
ing  extended-mission  lifetime  because of the 
light-to-dark  ratio shown  in  Figure 5-27. 

The minimum  light-to-dark  ratio (L/D min) 
indicates  the  ratio of the  daylight  time to the 
night-time  at  which the  power  provided  by  the 
battery  is  equal  to  the  power  restored to the 
battery. If the  L/D  drops  below  this  “L/D  min,” 
energy  balance will  not be maintained  and  the 
battery will  reach  a deeper  depth of discharge 
each  orbit. 

Assuming QAN (battery  energy  content) is 
unchanged  at  any  point  in  the  daytime-night- 
time  cycle,  the  following  equation is developed: 

where:  L = Daylight  time  (hours) 

D = Nighttime  (hours) 

(EE07), = Nighttime  load  current 

0.28 amperes = Power S/S shunt loss 

E = ampere-hour  charge-discharge 

EE04 = Battery  charge  current  (amperes) 

(amperes) 

efficiency 

= 1.35 max 

from empirical  data: 

(EE07), = f(t) 

E 3.68 + 0.013t for t 5 100  minutes 

where:  t = nighttime  period  in  minutes 

L/D  min = (EE07)n + 0.28 Assuming  E = 0.85 
E  (EE04) L/D min = 3.43 + 0.01 13t 

112  120  128  136 1 4 4  152  160  168 

Day of Year 

Figure 5-27: Predicted Light-to-Dark Ratio 
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If the actual orbit  period of 225  minutes is used, 
the  L/D min may be determined b y  substituting 
fort, 

225 t =  ~ 

1"- L 
D 

and b y  setting  L/D  min = L/D 

the  resulting  L/D  min = 3.94. This  line is shown 
in Figure  5-27  and  the  curve  predicts  that  this 
value  would  have been  attained  on  Day 121. 
The propellant  remaining  at  that  time  (Day  121) 
was inadequate to alter  the  orbital  geometry 
and  prevent  the light-to-dark  ratio from decreas- 
ing  below  this  allowable  minimum. The flight 
plan  (reference  paragraph 3.0) was then to 
impact  the  spacecraft  at  the  latest  opportunity 
and before  the  L/D  min  value was attained. 

5.2.3.5 Power Srlbsysteln Perfornzance 
A comparison of power suhystem  chta from the 
first day of the  extended mission and  the last 
available  data  before  sunset on  Day 031 is 
shown in Table 5-13. 

Table 5-13: Power  Subsystem Data 
T 

" 0 . 0 0  vr1lts 

The data  reveal  that the  power  subsystem w a s  
operating  normally  when  the  spacecraft was  last 
monitored. 

5.2.4 Photo  Subsystem 

The photo  subsystem  is  housed in a pressurized, 
thermally  controlled  container,  and  includes 
camera,  lens,  film, film handling  equipment, 
film processor,  readout  equipment,  and  environ- 
mental  controls  (see  Figure 5-28). The  sub- 
system is designed to expose,  develop,  and  read 
out  images  for  transmission  to  Earth via the 
co~nmunications  system. 

Composite 
Video  to 
Cmmuni- 
cations 
Subsystem 

Processor 
and  Dryer 

Fi Im 
Takeup and 
Storage 

Takeup 
Looper 

Scanner 

Readout 
Looper 

Figure 5-28: Photo  Subsystem 
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At the  end of the  photographic  mission,  while 
rewinding  the film, data  indicated  that  the film 
had  parted. The photo  subsystem was placed  in 
a safe  status  and  remained in that  condition 
through  Day  026. There was  no command activ- 
ity pertaining to the  subsystem  during  this 
period.  Table 5-14 shows  the  pertinent  photo 
subsystem  temperatures  and  pressures  during 
the  extended  mission. 

Upon acquisition on  Day  029,  there was  evi- 
dence of some logic change in that  shutter 

operations  had  changed from 17 to 2 counts. No 
other  photo  subsystem  logic  changes  were 
noted.  (Table 5-15 shows  this  initial  condition 
and  subsequent  activities.)  This  information, 
coupled  with  the  anomalous  state of the  space- 
craft, and  a  not-closed  condition of the  canera 
thermal  door,  led to the  conclusion  that  there 
could  have  been a power  interruption  aboard 
the  spwecraft.  To  investigate  whether  the power 
to the  photo  subsystem  had  been  interrupted, 
two  shutter-advance  commands  were  sent to the 
spacecraft. A camera  shutter  setting of 2 indi- 
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Table 5-14: Photo  Subsystem  Temperature and Pressure  History 

Internal 
Pressure 

(psia) 

1.39 

1.44 

1.39 

1.44 

1.28 

1.39 

1.16 

1.16 

1.16 

1.16 

1.16 

1.09 
1.16 

1.09 

1.09 

1.16 

1.16 

1.32 

1.16 

1.24 

Nitrogen 
Bottle 

Pressure 
(psi) 

2,002 

2,010 

2,092 

2,055 

2,025 

2,152 

2,062 

2,092 

2,122 

2,077 

2,092 

2,092 

2,137 

2,137 

2,107 

2,092 

2,152 

2,197 

1,972 

2,032 
~ 

." 

Readout 
Thermal Fin 
Temperature 

( O F )  

36.5 

46.8 

53.9 

47.0 

43.3 

53.1 

44.3 

55..5 

49.3 

46.4 

48.3 

63.0 

48.9 

60.7 

57.3 

70.6 

68.3 

80.8 

56.6 

60.6 

~~ 

Lower 
Environment 
Temperature 

( O F )  

34.7 

45.8 

53.6 

48.0 

44.1 

58.6 

43.6 

54.4 

55.5 

46.5 

48.6 

-56.1 

51.5 

56.3 

53.6 

64.3 

76.8 

80.5 

55.5 

65.9 

Upper 
Environment 
Temperature 

("F) 
~~~ 

39.3 

47.9 

54.7 

50.0 

46.0 

63.0 

45.5 

53.9 

58.7 

46.0 

50.8 

55.4 

55.6 

61.4 

56.1 

64.7 

77.8 

81.1 

57.4 

. 66.9 
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Table 5-15: Summary of Photo Subsystem  Responses 
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cates  a  shutter  speed of 1/25 second,  whereas a 
1 indicates B 1/50 and a 3 indicates  a 1/100 
second. The shutter  speed  setting  cycles  in  the 
following  pattern:  1/25, 1/50, 1/100, 1/50, and 
back to  1/25  second 8s commanded by  each 
“change  shutter  speed”  command  (or, in  terms 
of telemetry: 2, 1,3,  1, and back  to  2). If the pow- 
er to the  photo  subsystem  has  been  interrupted, 
upon  the  return of power  a  preset  pulse signal 
is generated,  setting,  among  other  things,  the 
shutter  speed  memory to 1/100 second.  How- 
ever,  the  telemetry  indication will rem.1’ ‘ 111 8s 
it was prior to the  preset  pulse  signal. The first 
shutter  setting  advance  command  resulted i n  a 
telemetry  indication of 1. However,  this is 
ambiguous  since  it is not  known  whether the 
l/SO-second shutter  speed  setting is the  one 
before  or  after the 1/25-second  setting. The 
second  command  resulted in  a  telemetry  indi- 
cation of 2.This  pattern  shows  that  the  preset 
pulse signal  had been initiated i n  the  photo 
subsystem. 

Prior to Day 029, after  Bimat-cut, the photo 
subsystem was in a standby  mode  with solar 
eclipse  on. If a preset  pulse  signal is received b y  
the  command control programmer  while  the 
photo  subsystem is in  this  mode,  it  is  required to 
reset  the logic to a known  condition by  an 
appropriate  command  sequence.  This was ac- 
complished  on  Day 029 at 22:41 GMT. As a part 
of the logic reset  command  sequence,  the 
camera  looper  decreased from 232.2 to 106.2 
inches.  Since  it was desirable to have  minimum 
tension on  the film in  the  camera  looper, a 
stored-program sequence was employed to 
change  the  camera logic and take  eight fast 
frames  and  two  single  frames.  This  action  in- 
creased  the  looper  contents to 220.6  inches, 
which  placed  near-minimum  tension  on  the film. 
It was noted  that  the  takeup  contents  increased 
during  the logic reset  and  camera  looper  refill 
sequences.  This is due to the film separation 
which  allows  the  takeup  reel to rotate  during 
these  sequences. 

No additional  photo  subsystem activity was 
attempted  during  the  remiiinder of the  extended 
mission. 

5.2.5 Structures and Mechanisms  Subsystem 
The structures  and  mechanisms  subsystem 
consists of the  support  structure,  therlnal  control 
coatings,  thermal  barrier,  engine deck heat 
shield,  solar  panel  and  antenna  deployment 
mechanisms,  calnera  thermal  door,  rocket 
engine  gimbal,  bipropellant tank heaters,  and 
the  interconnecting  electrical  wiring. 

With the  exception of the  camera t1nerm:d door 
(CTD)  and  the rocket engine gimlxll, this s u b  
system is i n  a passive  state  during  the  extended 
mission.  Only the EMD thernlal  coating  and 
thernxd  coating  paint  experiment  are  discussed, 
since  the  remainder of the  subsystem  elements 
performed as mnticipated. 

5.2.5.1 E M D  Thermul  Control  Couting 
The Mission V EMD t h e r n d  control  coating 
was the  same as  that of Mission IV (20% OSR 
mirrors by  area  on 2 mils of S13G over 8 mils of 
B1056), except  that a concentration of30% OSR 
mirrors was used i n  the areas  adjacent to the 
photo  subsystem  and TWTA. This modification 
was required  to  counteract  the  increased infra- 
red  radiation  that  would be absorbed from the 
lunar  surface  during  the Mission V low-orbit 
mission. 

The rate of temperature  rise  due to EMD ther- 
mal  coating  degradation was a s  expected  during 
the  extended-mission  period. The spacecraft 
was oriented  approximately !SO% off-Sun 
throughout  the  extended-mission  period for 
thermal  control.  Thermal  and off-Sun attitude 
histories for the spacecraft  are  shown i n  Figures 
5-29 to -31 and  indicate  the  effect of continued 
EMD thermal  coating  degradation  over  the 
extended-mission  period. 

5.2.5.2 Thernznl Control Couting  Coupons 
The Mission V spacecraft was instrumented 
with a paint  coupon  assembly to provide flight 
data  on  selected  thermd  control  coatings b y  
measuring  the  temperature of the  individual 
coupons. The following  paint  coupons  were 
used. 
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P3jnt Coupon 

S13G over B1056 (STOOB) 

' 0 Hughes  Organic  White  (ST15) 

Paint  Description 

S13G  is  zinc  oxide  with a potassium- 
silicate  treatment, RTV-602 binder, 
and  SRC05  catalyst. 
B1056  is zinc  oxide  with RTV-602 binder 
and SRC05  catalyst. 

Calcined  china clay dispersed  in 
GE RTV-602 silicone  resin. 

0 Silicone  on  aluminum foil (ST16)  One-quarter-mil 1145-0 aluminum foil  with 3.8 mils 
RTV-602 silicone  catalyzed  with 0.15%  TMB. 

0 203 (ST17) SP-500  zinc  oxide dispersed in 

Performance of the  thermal  control  paints is 
reported i n  5.3.2. 

Sylvania PS-7 potassium  silicate. 
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5.2.6 Velocity and Reaction Control Subsystems 
The velocity  control subsystem  consists of the 
propellmt pressurization equipment,  propellant 
storage  tanks and feed system,  bipropellmt 
rocket  engine, and thrust  vector  control  actu- 
ators. The reaction  control sulxystem  (Figure 
5-32) includes  the  nitrogen  storage  tank,  which 
is co~nmon to the velocity  control subsystem, 
thrusters and interconnecting  plumbing,  filter, 
and  regulator, and provides the im1)ulsive force 
to maintain  attitude control and perform attitude 
maneuvers al)out the  pitch, roll, ancl yaw axes 
of the slxtcecraft. 

Nit rogen Pressure 

Liquid ProPe’lant  Reaction Conttol Thrusters 
Rocket  Engine 

Figure 5-32: Velocity and Reaction Control 
Subsystem 

with the  attitude  control  subsystem  operating 
in wide  dexl lmd.   The  t ime histories of nitro- 
gen  tank pressure and temperature  are  shown in 
Figure 5-33. Table 5-16 shows the  events  that 
caused l-righer-than-cruise-mode m a g e .  
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Figure 5-33: Nitrogen  Tank  History 

Table 5-16: Major  Events  Using  Nitrogen Gas The details of the  velocity  maneuvers  are  dis- 
- cussed  below. 

'MT I Event 
Day 

~ " ~. Phasing  Maneuverfor  the  October 1967 Eclipse- 

270 Battery  discharge  test  and  voice  relay On Day 283 at 19:37:06 GMT, a 67.5 m/sec 
velocity maneuver was performed to phase  the 
spacecraft  for  the Day 291 lunar  eclipse. 

experiment 

283 Lunar  eclipse  phasing  maneuver 

335 

008 

012 

018 

02  1 

024 

026-029 

03 1 

Bistatic  radar  experiment 

Maneuver  accuracy  test 

Solar array and  battery  discharge  tests 

Visual observation  experiment 

Visual observation  experiment 

Bistatic  radar  experiment 

Spacecraft  anomaly 

Impact  maneuver 

The operation was  satisfactory and  the pro- 
grammed  velocity  impulse was achieved  with 
an  engine  operating  time of 40.8 seconds. The 
average  thrust  level  during  the  burn  was 101.2 
pounds as computed from  spacecraft  weight and 
acceleration  data. The thrust  vector  control 
actuators  cycled  from -0.177 to -0.039 degrees 
in  pitch  and from 0.359 to 0.496 degrees yaw, 
which  indicates  stable  performance. The 
maneuver was confirmed by tracking  data to be 
nominal.  During  soak-back,  the  engine  valves 
reached a maximum temperature of 100.8 
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Figure 5-34: Propellant Tankage History 

98 



degrees. The  decrease  in tank  pressures  shown 
in  Figure 5-35 was  as expected for blowdown 
operation. The tanks  recovered 7 psia  in  the 
next 93 hours,  which  indicated  leakage  through 
the  nitrogen shutoff squib  valve. 

Terminal  Transfer  Maneuver - On  Day 031 at 
06:13:03 GMT,  a  velocity  maneuver was per- 
formed  to  place the spacecraft in  an  orbit  that 
would  impact  the  lunar  surface. I t  was antici- 
pated  that  a  portion of the  commanded 29.14 
mlsec  impulse  would be provided by  fuel 
expulsion  after  oxidizer  exhaustion.  Within  the 
resolution of the  telemetry  data  (the  last  point 
was recorded  0.1  second  prior  to  engine  cutoff), 
oxidizer  exhaustion did not  occur  during  the 
16.41-second burn.  Examination of the  error 
factors shown  in  Table  5-17  shows  that  there 
was  a lO.l-m/sec  uncertainty  in  Delta V remain- 
ing.  Thus,  the  available  Delta V was 25.6 & 
10.1 mlsec  at  the  time of the  terminal  transfer. 
In  addition,  there  were  approximately  10  mlsec 

200 

190 

180 

obtainable from the  expulsion of 2.8 pounds of 
residual  fuel. 

The average  thrust  during  the bum was  106.0 
pounds, as computed from  spacecraft  weight 
and  acceleration  data.  Propellant  system  pres- 

~~ 

Table 5-17: Delta V Error  Factors 

Tolerance Equivalent 
AV 

Propellant  loading & 0.75  lb k 3.6 mlsec 

Specific  impulse  2  sec k 7.0 mlsec 

Expulsion  efficiency k 0.5 % k 6.4 mlsec 

RSS Total k 10.1  mlsec 

Figure 5-35: Propellant  Pressures - Phasing  Maneuver 
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sures  shown  in  Figure 5-36 are consistent  with 
predicted  values  when  operating  in a blowdown 
mode. The thrust  vector  control  actuators  cycled 
from  -0.085 to -0.062 in  pitch  and from  0.428 
to  0.473 in yaw, which  is  indicative of normal 
performance. The engine  valve  temperature 
reached  a maximum of 109.8  degrees  during 
soak-back, which  is  consistent  with  previous 
flight  data. 

Overall  Subsystem  Pe6ormance - During  the 
photographic  and  extended  mission, six velocity 
maneuvers  were  performed. An analysis of 
system  performance  during  each  burn  confirmed 
that  the  engine  specific  impulse  averaged  276 
seconds.  The  velocity  control  subsystem  im- 
parted  a total  velocity  change of 1,019.05 m/sec 
using 270.85 pounds of propellant,  based on  a 
specific  impulse of 276. The total burn  time was 
745 seconds,  which  yields  a total impulse of 
74,699 pound-seconds. 

5.3 SPECIAL  FLIGHT  TESTS 
Special  tests  performed  during the  extended 

mission  fall  into two categories: ( l j  special 
experiments  using the Lunar  Orbiter  spacecraft 
as  a tool to  obtain  scientific  data,  and (2) special 
exercises  that  are  tests of the spacecraft  or  equip- 
ment on  board.  Only  the  latter  are  reported 
herein;  special  experiments  are  to be reported 
by the  particular  agency  requesting  the  experi- 
ment. 

5.3.1 Battery  Discharge  Tests 
Objective - The  purpose of the  discharge  tests 
was  to check  battery  characteristics  after  a 
prolonged  period of overcharge  and  after  sunset 
discharge  cycling. 

Data  and  Discussion - The first  test,  on  Day 
270,  was initiated by pitching  the  spacecraft 
95  degrees off the  Sun to place  the  battery  in 
the  discharge  mode. A total of 7.05  ampere- 
hours was removed from the  battery  in 74 
minutes  using  the  propellant  heaters to increase 
the  base  spacecraft  load.  This  value  represents  a 
58.7% depth of discharge  based  on  a  nominal 
12  ampere-hour  capacity. The end-of-discharge 
voltages  were  23.841 volts (battery)  and 23.04 
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Time (seconds) 

Figure 5-36: Propellant  Pressures - Terminal  Transfer  Burn 
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volts (bus). The battery  temperature  dropped 
from 83 to  68°F during  the  discharge  period. 

The  second  test was performed  on  Day 012 
concurrently  with the test of solar  array  per- 
formance  at  high  off-Sun  angles. The  test was 
again initiated  by  pitching 95 degrees from the 
sunline. After 83 minutes  the  spacecraft was 
returned to the  sunline  and  then  pitched to 

plus 70, 77, and 85 degrees. At these  angles, 
the  battery was used  to  partially  support  the 
spacecraft  loads. The total  discharge  during  the 
test was calculated  to be 8.0 ampere-hours 
(a 67% depth of discharge). The end-of-dis- 
charge  voltages were 22.88  volts (bus)  and 
23.52  volts (battery). The  battery  temperature 
varied from 111 to  69°F  during  the  discharge. 
Figures 5-37 and -38 are  graphical  representa- 
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Figure 5-37: Battery Discharge Test - Day 270 
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Sequence of - Events 

G MT Event 

19:30:00 PIP 95' 
GMT Event 

20:12:00 Command decoder on 22:15:18 PIP 7" 
20:14:12 Command decoder and 22:30:00 PIP 8' 

" ._ 

star tracker off 22:52:42 PIM 1 loo 

. 

Battery 

Voltage 

(volts) 

19:40 20:OO  20:20  20:40  21 :00 21  :20  21 :40 22:OO  22:20  22:40  23:OO 
Time (GMT) 

Figure 5-38: Battery Discharge  Test - Day 012 
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tions of the  battery  characteristics  recorded 
during  the  discharge  tests. 

Conclusion - The  tests  demonstrated  that 51 
days of constant  overcharge  and aiqx-oximately 
750  discharge  cycles  did  not  detrimentaliy 
affect  normal  battery  characteristics. 

5.3.2 Paint  Degradation  Test 
Objectiue - The objective of this  test was  to 
obtain  temperature  data on  four  thermal  control 
paint  coupons to evaluate  degradation  character- 
istics as a  function of time. 

Description - The  test,  which was conducted 
on Days  271,  300, 335, and 012,  consisted of 
orienting  the  spacecrd? on the  stlnline 1.Ei hours 
prior to a1)olune for a period of 2 horlrs. 

Dtrtn ( / I d  Discllssion - The clatn points acclrlired 
at thermal eqr1ilil)ritIln  with no Irlnar infrared 
energy  are  shown i n  Tal)le $5-18. I h t a  fro111 the 

prime mission are  included to establish  the 
starting  reference  and  show  the  overall  trend. 
The data from Day  012  were  not  incorporated 
because of lunar  thermal  radiation  effects  that 
could  not be corrected  with  sufficient  accuracy. 
The temperature  correction was applied to 
account for  solar  constant  changes and  space- 
craft he. c~ t  sources. 

Conclusion - During  122  days of exposure  to 
the  cislunar  and  lunar  environments,  the  paint 
coupons  degraded as  follows: 

S13G  over B1056  final absorptance ( a ) 
= 2.420 times  initial a 

Hughes  Organic final a= 2.345 times  initial a 

Silicone on 
nluminuln  final a= 1.622  times  initial a 

z 93 f i n d  a =  1.481  times  initial a 

-~ 

Table 5-18: Thermal  Coating  Experiment  Data 
- ~- 

~ ~~~~~ ~~ 

(;kIT D;Iy 

213  218  224  230 236 244  271  300 335 

ST09 (S13(; over H1056) 
Telenletry, ( O F )  

Te1111,erattlre corrected ( O F )  

ST15  (Hrlghes  Organic) 
Telemetry ( O F )  

Temperature  corrected ( O F )  

ST 16 (Silicone on Aluminum) 
Telemetry ( O F )  

Temperature  corrected ( O F )  

as 

ST17  (293) 
Telelnetry (OF) 
Temperature  corrected ( O F )  

17.:3 31.6 44.3 
8.0 23.0 37.4 

.lW ,214 .240 

4.3  19.5  30.8 

.162  .186  .206 
-$).5  6.5 18.5 

47.3 56.3 64.0 
37.4 47.5 56.0 
.240 .25Y 2 7 7  

16.5 23.3 18.7 
5.7 13.5 18.5 

.185 .1R7 .206 

55.0 6 2 5  
48.2 S6.5 
,261 278  

39.8 46.8 
28.2 36.0 
2 2 3  .237 

69.8 73.7 
61.5 65.2 
.289 .298 

32.4 35.2 
22.5 25.0 
.213 .217 

68.7 90.2 115.2 135 
62.6 82.1 106.3 125.4 
.292 .339 .403 .458 

52.7 71.0 94.8 111.5 
42.2 60.5 82.7 97.8 
.249 .287 .341 .380 

76.6 84.6 104.0 115.8 
68.0 74.2 02.3 102.1 
.305 .320 .365 .389 

37.0 41.0 58.0 68.3 
26.5 29.5 45.6 54.5 
220  .225 .256 .274 
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5.3.3 Solar Array Performance at High 
Off-Sun Angles Test 
Objective - The objective of this  test was to 
establish  solar  panel  performance  at  high  angles 
of incident  illumination. 

Description - The solar  array  current was mon- 
itored  while  the  spacecraft was pitched  plus  95 
degrees  and  at  three  static  pitch  angles of plus 
70, 77, and 85 degrees.  The spacecraft  was 

rolled  minus  45  degrees  while  at 8 = 85", to 
verify whether partial  shading of a lower  solar 
panel  by  an  upper  one affected the  data. 

Data  and  Discussion - The test was performed 
concurrently  with  the  battery  discharge  test on 
Day 012. The results  are  shown in Figure 5-39. 
The  curve  and  the  three  static  points  are  anno- 
tated  with  the  average solar panel  temperature, 
so that  the array current  output  varies as a 
function. 

Pitch Angle (degrees 0 )  

Solar-Array  Current  Output - EE03 (amperes) 

Figure 5-39: High Off-Sun Angle Solar Array Performance 
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Attitude  control 
Pitch Sun sensor 
Yaw Sunsensor 
Deadzone 
Gyro  wheel  currents 

Roll 
Pitch 
Yaw 

Gyro  temperature 

Velocity  control 
Nitrogen  pressure 
Nitrogen  telnperature 
Fuel  pressure 
Oxidizer  pressure 
Tank  deck  temperature 

Photo 
Telemetry  logic 

indication 
Temperature 

Upper  environmental 
Lower  environmental 
Window 

Shutter  oper '1 t' lolls 
Canera   thernd  door 

Flight  programmer 
Clock  error 
Halt  mode  indication 
Last  maneuver 

magnitude 
SPA location 

Power 
Off-Sun angle 
Battery  temperature 
Load  current 
Shunt  regulator  leakage 

Table 5-19: Subsystem Status 

Duy 026 

Saturated plus 
-1.29 degrees 
2.0 degrees 

83.0 11~1 

89.9 11x1 
86.7 ma 
48.8% 

556 psia (2.55  lb) 
66.4  degrees 
206.8 psia 
209.5 psis 
62.2 degrees 

Unchanged 

66.3 
70.6 
75.5 
17 
Closed 

+4.78  seconds 
Ope~~ting-loc~1tion 16 

0.0 degrees 
SPA 160 

53.7 deLvees 
96.8 clepees 
3.56 alnps 
0 

106 

Day  029 

-13.22 degrees 
Saturated plus 
0.2 degrees 

83.5 11x1 
88.8 n1i1 

87.8 m a  
50.4% 

93  psia (.45 Ib) 
60.9 degrees 
201.7 p i a  
204.4 psiil 
61.3  de, crrees 

55.5 
57.7 
Off scale - low 
2 
Not closed 

-4320 seconds 
Halt-location 22 

* 0.0 degrees 
SPA operation  code 
garbled 

59.1 degrees 
98.2 degrees 
3.56  amps 
0 



from  fairly  comprehensive  laboratory  tests, 
which  were  not  conducted.  The  operation of 
certain  components  at  low  voltages  is  known  to 
varying  degrees,  however,  from  preflight  devel- 
opment  and  other  ground  tests. A test was run 
of the  control  and  switching  assemblies  with 
input  voltages from  32.0 down to 0 volts d.c. It 
w a s  shown  that  while  no  permanent  degradation 
to the  control  and  switching  assemblies  resulted 
from reduction  in  input  voltage,  the  output 
voltage,  which  is  used to bias  the  differential 
amplifiers,  did  vary  at  voltages  below 19.7 volts 
d.c. At 19.7  volts  d.c. input,  the -15 volts  d.c. 
output to the  differential  amplifier  began to 
degrade  linearly ut 0.82 volts per volt-drop. At 
18.2  volts  d.c. input,  the +15 volts d.c. output to 
the  differential  amplifier  began  to  degrade 
linearly  at 1.06 volts per volt-drop. Thus,  at 18.0 
volts  d.c. input to the  control  and  switching 
assembly,  the  output to the  differential  ampli- 
fier’s biasing  network  is -13.6 and +14.8  volts 
d.c. instead of the +15 volts d.c. required for the 
differential  amplifier to have  zero  output for 
zero  input.  Under  these  conditions,  jet  actuation 
can  occur. As long  as  the  input  voltage  to  the 
control and  switching  assembly  remains  at  a 
low  level,  the  jet  will  remain  open.  The  thruster 
actuation  time  required  to  dissipate  the  nitrogen 
gas under  this  condition  can be calculated  at 
follows: 

PT Q = -  
IS 

where: Q = N 2  gas  consumed  (pounds) 

t = time  that  one  jet is open 
(seconds) 

T = Thrust  (pounds)- 0.064 
pounds for  yaw  jets 

I, = Specific  impulse  (seconds) 
- 68  seconds  for N2 

Q-I, 2.1 (68) 
Therefore: t = - = - = 2,231  seconds T 0.064 

Thus, a pitch or yaw jet  being  open 2,231  sec- 
onds  would  account for the lost N2  gas. It is 

likely  that  several  jets  fired,  over  a  shorter  period 
of time,  and  that  this  activity  occurred  during 
the  approximately 1 hour  and 12 minutes  that 
the  programmer  clock was inoperative. 

Figure 5-40 shows  the off-Sun angle  calculated 
from known  gyro  drift  rates of 0.7 degree  per 
hour  in  roll, 0.5 degree  per  hour  in  pitch,  and 
1.0 degree  per  hour  in yaw, positive  in  all axes. 
Telemetry  data  were  available  until  Day 026, 
20:50  GMT,  to establish  the  initial  part of the 
curve. The off-Sun angle  at  that  time was approx- 
imately 53 degrees.  The  nominal  curve  corres- 
ponds to the  gyro  null.  Maximum  and  minimum 
curves  correspond  to  limit  cycling  within  the 
%degree  deadband,  which  is +1 degree, -2 
degrees, for this  spacecraft  for  the  pitch axis, 
and 2 2  degrees  for  the  other  two axes. As noted, 
solar  pressure  will  tend to hold  the  vehicle 
between  the  nominal  and  maximum  curves. 

Case 1 - To  calculate  solar  array  performance, 
data  on  solar  array  output  versus off-Sun angle 
from  a  test  conducted  on  Day 012 were  used. A 
curve  midway  between  the  nominal  and maxi- 
mum  curves of Figure  5-40  was  used  (Curve l), 
as a best  approximation of the off-Sun angle 
produced  by gyro drift  rates.  Spacecraft  sub- 
system  load  current  during  the  period of interest 
was taken  from  data  during  the  October  18,1967 
lunar  eclipse.  During  the  eclipse,  the  spacecraft 
was on  sunline. To approximate  the  thermal  and 
battery  voltage  conditions  encountered  by a 
spacecraft  drifting  out  from  the  sunline, the start 
of discharge  current  was  taken  when  the  solar 
array  current  during  the  eclipse  was  approxi- 
mately  equal  to  an off-Sun angle of 70 degrees. 
This  value was 3.81 amperes,  and  increased  to 
4.68 amperes  when  the  battery  voltage  was 22.0 
volts,  representing  an  approximately 100% 
discharge  condition. 

Referring to Figure 5-41, it  is  seen  that  the  can- 
tinuous  battery  discharge  begins  on  Day  028 
at  approximately 09:30 GMT.  The  ampere- 
hour  demand from the  battery  subsequent to 
this  time  is  made  up of (1) the  ampere-hours 
represented  by  the  area  between the array 
current  curve  and the load  line, (2) the  additional 
battery  discharge  during  the  Sun  occultations, 
and (3) a small  amount of capacity  to  supply  the 
power  subsystem  losses. 
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Day 028 at  approximately 04:45 GMT. The 
ampere-hour  demand from the  battery  sub- 
sequent to this  time  will  comprise (1) the 
ampere-hours  represented b y  the  area  between 
the array current  curve  and  the  load  line, (2) the 
additional  battery  discharge  during  the  three 
Sun  occultations,  and (3) a small  amount to 
supply  the  power  subsystem  losses.  On Day 
028 at 15:30 GMT  the  battery  discharge  would 
be a s  follows. 
(1) From  Figure 5-42 (area  between  curves): 

(2) The additional  energy to he sup1)lied during 
9.88 ampere-hours. 

occultations  periods is therefore: 

Average 
Srlnset Discharge Occrlltation Disch~trge 
<;h.lT c ~ l r r e n t  Time Calxlcit>T 

(a1n1,eres) (minutes)  (unp-hr) 

028:04:55 3.75 X 9 0.56 

028:08:40 3.40 X 9 0.51 

(1) Gyro drift off sunline  causing  buttery  dis- 
charge und (1 low voltuge  condition  thnt 
resulted in  the  anomaly. From  the  preceding 
analysis,  this  conclusion  could  only be 
arrived  at if the load  current  profile  was 
greater  than  that  encountered  during  the ’ 

lunar  eclipse  and if the 3-sigma  gyro  drift 
dispersion was  actually  followed. 

( 3 )  A “strrck” uttitude  control srrbsystenl 
thruster. Again, there was  no  history of 
this,  either  before  or  after  the  anomaly. 
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6.0 Extended-Mission Program Summary 

Active  tracking of the five  Lunar  Orbiter 
extended-mission  spacecraft, as shown  in 
Figure 6-1, spanned a period of over  16  months 
from  Day  260 (September  14),  1966 to  Day 031 
(January 31), 1968. The level of activity  over 
this  period  varied from short  tracking  periods 
to  monitor  spacecraft  performance  (quick  look), 
to continuous tracks of several  days'  duration 
during  critical  periods.  Quick-look was also 
used to monitor  extended-mission  spacecraft 
while  the main level of activity  was  focused  on 
a primary  mission  spacecraft. Of primary  interest 
was the  detection of detrimental  spurious com- 
mands  that may have  been  received  during 
co~nmand transmissions  to  another  spacecraft. 

The  extended  missions of Lunar  Orbiters  I, 11, 
III,  and V were  terminated  by  planned  lunar- 
impact  velocity maneuvers  after  the  attitude 

LO I 

LO I I  

LO Ill 

LO IV 

LO v 

~~ 

10 14 29 
I 

control  subsystem  nitrogen gas had  been 
depleted to a  value  at  or  near  the  minimum 
accepted  value for  spacecraft  control.  This  value 
decreased  throughout  the program a s  experience 
in ACS performance  at  low  nitrogen  pressure 
.was gained. The terminal  velocity  maneuver of 
Lunar  Orbiter V was  successfully  performed  at 
the  lowest  nitrogen  pressure  reached  during 
the  extended  missions - 77 psia,  indicating 
approximately  0.4  pounds of nitrogen  remaining. 

On July 21,  1967  Lunar  Orbiter IV could not 
be  contacted.  Repeated  attempts to locate  and 
acquire  the  spacecraft  were officially terminated 
on August 16  and  lunar  impact was predicted 
to have  occurred by October 31. Analysis of a l l  
information  failed to reveal  the  reason for loss 
of contact. 

I Photographic mission - Active extended-mission tracking 

hxw Monitoring of extended-mission spacecrafi 
during  photographic missions 

6 8  1 1  

4 1 17 - 
1 28 31 

I I I I I I I I I I I I I I I I I I I I I I I I I I  

Figure 6-1: Extended-Mission Tracking Summary 
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6.1 EXTENDED-MISSION OBJECTIVES 
Extended-mission  objectives  are  summarized 
in Table 6-1. The primary  objective was to 
secure  information  that  could be used  to  define 
the  size  and  shape of the Mobn and  the proper- 
ties of its  gravitational  field,  and to study  its 
environment. 

Secondary  objectives  were  to  develop  standard 
operating  procedures,  conduct  special  experi- 
ments  and  exercises,  and  explore  the  use of 
Lunar  Orbiter  subsystems for other  applications. 
Secondary  objectives  have been  divided  into 
two  general  categories:  special  experiments  or 
tests  in which  the  spacecraft is used as a tool, 
and special  exercises  or  tests of the spacecraft 
or on-board equipment. 

6.2 EXTENDED-MISSION ACCOMPLISH- 
MENTS ' 

The primary  objective of the  extended mission 
was accomplished  successfully.  Selenodetic 
data  acquisition from the  five  spacecraft  added 
considerably to the  fund of information  con- 
cerning  the  size  and  shape of the Moon, and  the 
properties of' its gravitatiold field. The s1)ectrunn 
of information obtained was due in part to orbital 
geometry  variations between  the  spcecraft, 
which  included  near-polar and low-inclin. A t' ion 
orbits a s  well a s  highly  elliptical  and  nearly 
circular  orbits.  It was also due  to  the  fwt  that 
selenodetic  data  were  provided  over a long 
period of time  during  the  extended  missions, 
i.e., approximately 11 months  in  the  case of 
Lunar  Orbiter 11. These  data  were  intended to 
provide information on  long-term  orbital 
paranleter  effects,  which also added signifi- 
cantly to Iunx  selenodetic  knowledge.  During 
the  photographic  mission  there was time  to 
perform  only the calculations and analyses 
made  necessary by  the  requirements of the 
mission. It was left  until  the  extended mission 
to reflect on prol)lems arising from the  seleno- 
detic  data  obtained  and  initiate  new  analysis  or 
experiments to resolve  them. An example of such 
an experiment was the  perilune  residual  experi- 
ment  conducted  shortly  before  the  end of the 
Lunar  Orbiter V extended  mission. The need for 
this  experiment  becane  appxent  only  after n ~ n y  
months of study of selenodetic  data;  the  results 
are  providing useful new  knowledge in the  field. 

Lunar  environment  monitoring was :wcom- 
plished  by  recording g;llactic-cosmic radi. d t' 1011 

and  micrometeoroid  hits  on  each of the  five 
spacecnlft. 

All secondary  objectives  (Table 6-1) of the 
extended  mission  were  accomplished  by  one  or 
more  of the  five  Lunar  Orbiter  spacecraft. The 
data  from  the  specid  experiments  were for- 
warded  to  the  requesting  agency.  Qumtitative 
analysis of these  data was the  responsibility 
of the  requesting  agency. 

The special  exercises  conducted  provided the 
information  summarized  below. 
0 Tests of the  star  tracker  provided  engineering 

data  essential  to  formulation of plms for later 
Lunar  Orbiter  missions.  These  data  included 
the  effects of glint,  tracker  degradation,  and 
operation of the  bright  object  sensor  on  tracker 
operation. 

0 Tests of the IRU were I)erformed to deter- 
mine nxuneuver x c u r x y ,  gyro drift  character- 
istics, and IHU turn-off / tllrn-on effects.  These 
data  were  used  to assist in planning  later 
Lunar  Orbiter missions and for xu l racy  
studies. 
Power  subsystem  tests  provided  engineering 
data for future  missions. Battery deep  dis- 
charge  tests  were  performed to help  erase 
memory effects and  thus  recondition  the 
batteries. 
Comnlunicatiolls  subsystem  tests  provided 
engineering  data  that  were  used  to  develop 
operational  procedures for multil)le-sp~lce- 
craft operation, to perform  TWTA failure 
analysis, and to  conduct  low-voltage  opera- 
tion tests. 
Camera  thermal  door tests  provided  engineer- 
ing  data on thermal  conditions  with the ther- 
mal door  open, a s  well 21s failure  andysis 
data. 
Photo su1)system tests provided  data tlseful 
to later  Lunar  0rl)iter  missions  and  s>.stem 
fai1tu-e analysis. 
The  squib-firing  interaction  test  provided 
data  concerning its influelice 011 star  tracker 
operation. 
h i n t  degradation  tests  were  performed to 
study a1)sorptivity-emmissivity characteristics 
of several  types of paint  after  prolonged 
exposure to deel) space. 
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Table 6-1: Extended-Mission  Objectives 
Lunar Orbiters I Through V 

Objectives 
~~ 

The primary  extended-mission  objective was 
to secure  information  that may be  used 
to increase  the  scientific  knowledge of 
the  size  and  shape of the Moon, the 
properties of its  gravitational  field, 
and  the  lunar  environment. 

Secondary  Objectives: 
A. Special  Experiments: 

Investigations of Doppler 
resid.uals  near perilune. 

0 V/H mapping to obtain  lunar 
profile data. 

0 Radar mapping, RF occult  deter- 
mination,  and lr1nar surface 
conductivity  experiments. 

0 Ionosphere  effects  experiment. 

Doppler  ranging  calibr. <I t '  1011 

experiment to check out Mark I1 
ranging  system at DSS 14. 

MSFN  Apollo GOSS Navigational Sr~ppor 

Mllltil,le-sl,~lcecraft operations  tests. 

0 Voice  relay experiment. 
I ' 0 Convolutional  coding/sequentiaI 

decoding  experiment. 

0 Optical  observation  experiment. 

B. Special  Exercises: 
0 Canopus tracker  tests:  star maps, 

glint  tests,  bright  object  sensor 
tests, map  voltage  tests, m c l  
tracker  degradation  tests. 

0 Maneuver  accuracy  tests,  gyro  drift 
tests, and IRU turn-off/turn-oll 
tests. 

LO I 

X 

X 

=X 

X 

LO I1 

X 

X 

X 

X 

X 

X 

X 

X 

LO I11 

X 

X 

X 

x 
x 

X 

X 

LO IV 

X 

x 

X 

x 

x 

x 

X 

LO v 
X 

X 

X 

X 

X 

X 

X 

X 

X 
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Table 6-1 (Continued) 

I Objectives 

Battery discharge  tests,  solar 
panel  degradation  tests,  and  solar 
panel  perfonnance  at  high off-Sun 
angles. 

0 Communications  tests:  downlink 
modulation  index,  transponder  and 
command  threshold  tests,  command 
address  test,  transponder  oscillator 
drift test, TWTA  cycling and low- 
voltage tests,  and  high-gain 
antenna  360-degree rotation test. 

Photo  subsystem  tests: focus adjust- 
ment,  V/H  tests,  and  readouts. 

0 Camera  thermal  door  tests. 

0 Squib-firing  interaction  test. 

0 Paint  degradation  tests. 

6.3 FLIGHT OPERATIONS SUMMARY 
Table 6-2 provides a profile of flight  operations 
activity.  Overall activities for the  extended 
mission of each  spacecraft  were  developed  and 
defined in their  respective  flight  operations 
plans. In  general,  each  plan  provided  broad 
requirements for tracking  coverage,  data  acquisi- 
tion,  and  performance of special  activities.  How- 
ever,  these  plans  underwent  evolutionary 
changes  throughout  the  program as experience 
and  knowledge  accumulated. A good example is 
the  increase in  spacecraft life made  possible by  
a reduction  in the gas reserve  found  necessary 
to permit  spwecraft  orientation for the  termin~l 
burn (0.8 pound for Mission I versus 0.4 pound 
for Mission V). 

LO I 

X 

X 

X 

X 

LO I1 

X 

X 

X 

X 

X 

LO 111 

X 

X 

X 

X 

LO IV 

X 

X 

X 

X 

X 

LO v 

X 

-~ 

x 

To  implement  flight  plans, pass  plans  were 
promulgated  that  defined  support  requirements 
and  the  sequence of events for each  pass. 
Criteria on which  operating  procedures  were 
based  included: 

The effect  on  flight  endurance of gas con- 
sumption and gas remaining; 

0 Thermal history and  trend; 

Electrical loud and off-Son solar  array cal)a- 
bility; 

0 Subsystem  operating  constraints; 

Maintenance of ability to control the  space- 
craft through  the  terminal  transfer  maneuver 
at  the  end of its useful life. 
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Table 6-2: Extended-Mission  Summary 

Mission 

I 

I1 

I11 

IV 

V 

Length 
(days) 

42 

307 

214 

50 

156 
- 

Commands 
Tracked (RTCClrSPC) 
Passes 

1,192 27 

4,096 

170 2,553 

195 

65  91 1 

24 656 

Prior to the  start of the  extended  mission,  the 
spacecraft were  placed  in  an  extended-mission 
mode.  This  mode  consisted of mwnenvering the 
spacecraft to an off-Sun attitude for thermal 
relief,  commmding  the  attitude  control  sub- 
system to wide dedzone  operation to conserve 
gas, and  configuring  the  programmer to provide 
periodic  Sun  acquisition to update  spacecraft 
atti  tude. 

' Table  6-3  shows  the  pitch  angles  and  thermal 
relief  periods  that  were  stored in the pro- 
grammer. 
- 

Table 6-3: Extended-Mission  Flight Plans 

Period 
Off-Sun  Pitch Angle 

Spacecraft (hours) (ded 

LO I 25.5  +25 to +30 

LO I1 75 to 21 +56 to +62 

LO I11 60  -50  to  -60 

LO IV 72 +40 

1 72 to 49 +53  and  -53 
~ 

Tracking  periods  served a number of purposes. 
Generally,  these  included  selenodesy,  space- 
craft exercises,  special  experiments,  and 
development of plans  or  lunar  harmonics for the 
next  mission. 

Guidance 
Maneuvers 

Telemetry 
Data 

(hours) 

432 

542.6 

665.6 

288.6 

471.6 

A history of the  tracking  schedule for all space- 
craft is shown  in  Figure  6-2. A total of 13 velocity 
control maneuvers was executed  during ex- 
tended-mission  operations.  Table 6-4  contains a 
description of each  maneuver,  the  execution 
dilte, and  the velocity change  involved. A sunl- 
mary of orbital  elements for each  phase of the 
five extended  missions is presented i n  Table 6-5. 

A variety of lunar  harmonic  models  were  used to 
process  tracking  data and  generate  tracking 
station  predicts  during  the  extended  missions. 
The following  list  indicates  which  model was 
used  during  each  extended  mission. 

LO I LRC 9/4 

LO I1 LRC  9/4 and LRC  11/11 

LO I11 LRC  11/11 

LO IV LRC  11/11 

LO v LRC 7/28B 

It  was  determined  that  LRC  11/11  lnodel 
(released  during  the  Lunar  Orbiter I1 photo- 
graphic  mission)  was the most  acceptable for 
the low-inclination  orbits (Lunar  Orbiters I ,  
11, and 111), while  the  LRC  7/28B  model  (re- 
leased  after loss of contact  with  Lunar  Orbiter 
IV) was best for the hifih-inclination  orbits 
(LO IV and V). 
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Day of Year 

Figure 6-2: Tracking Schedule for  Lunar  Orbiter Spacecraft 

6.4 ENVIRONMENTAL DATA 
A primary  objective of the  extended  missions 
was the  collection of lunar  environmental  data 
over  long  periods of flight.  Spacecraft  telemetry 
was monitored  during  each  tracking  period  to 
determine if there  had  been  an  increase  in 
radiation  flux  or  micrometeoroid  activity. 

6.4.1 Radiation 
The solar  flares  that  occurred  on  September 2, 
1966,  January  28,  1967,  and May 24,  1967, 
caused s11arp increases  in  radiation  recorded  by 
the  spucecrafts. The solar  proton  event of Sep- 
tember 2, 1966  resulted  in  an  increase  in  re- 
cprded  dosage of 8 rads  at  the  film  cassette 
location (DF04) and 135 rads  at  the  camera 
looper  location  (DF05).  Between  January  27 
and  January 30, 1967  spacecraft  dosimeters  in- 
creased  10  rads  (DF04)  and 39 rads  (DF05). 
Between May 24 and  25,  1967,  spacecraft  camera 
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looper  counters  increased 34 rads with a negligi- 
ble  increase  in  the  film  cassette  counters. 

The  Lunar  Orbiter I11 data  suggested  that  the 
looper  scintillation  counter of that  spacecraft 
experienced a change  in  the  background  level 
after May 30,  1967,  possibly due to a leak  in  the 
structure of the  counter.  This  change  in  back- 
ground  level was not  observed  on  either  the 
'Lunar  Orbiter I1 or I V  spacecraft. 

6.4.2 Micrometeoroids 
Spacecraft  detectors  recorded  16  micrometeoroid 
hits  during  the  extended-mission  periods. 
These  hits  were  recorded  during  the  period 
January 6,  1067  to Jmuary 21, 1068  by  Lunar 
Orbiters 11,111, and V. 

6.5 SPACECRAFT SUBSYSTEM 
PERFORMANCE 
Periodic  monitoring of spacecraft  telemetry 
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Table 6-5: Average Orbital Elements" 

Mission 

I 

I1 

I11 

IV 

V 

~ 

Time  Period 

09/14/66  10/24/66 

12/09/66  04/14/67 

04/14/67  06/27/67 

06/27/67 loll  ij67 

02/24/67  04/12/67 

04/12/67  07/17/67 

07/  17/67  08/30/67 

08/30/67  10/09/67 

06/02/67  06/05/67 

06/05/67  06/08/67 

06/08/67  07/10/67 

09/27/67 lo/ 10/67 

10/10/67  01/31/68 

Semimajor 

(km) 

2,669.8 

2,701.6 

2,692.1 

2,715.5 

2,688.2 

2,680.0 

2,721.7 

1,967.8 

6,150.0 

4,820.6 

3,752.5 

2,534.5 

2,831.7 

Axis 

" 

~~ 

Inclination 

(deg) 

12.1 

17.5 

17.0 

16.2 

21.0 

21.0 

21.0 

21.1 

85.0 

85.0 

85.0 

85.0 

85.0 

~ 

Perilune 
Altitude  Range 

(km) 
-~ 

31.0 60.7 

39.0 73.0 

60.0 71.0 

68.5 114.6 

39.0 65.0 

53.0 64.0 

143.5  148.7 

108.0  139.0 

2,590.0  2,596.0 

74.9 77.2 

63.9  76.6 

105.2  11  1.2 

160.0 200.0 
~~ 

*All values  have been  averaged  over all orbit  determination  results  available. 

data  provided  information  that was used to 
determine  subsystem  performance. The data 
were  analyzed to show  trends in performance 
in an  attempt to establish  detrimentd effects 
on  components  or  subsystems  after  exposure to 
space  environment. A tabulation of anomalous 
subsystem  performance  during  the  extended- 
mission  periods is contained  in  Table 6-6. Most 
of these  anomalies  occurred  initially  during 
the  prime missions but  continued  into  the 
extended-mission  periods. They are  briefly 
discussed in the  following  paragraphs.  Detailed 
analysis is contained in the  applicable final 
report for each mission or  extended  mission. 

Individual  subsystem  performance was gen- 
erally  within  design  requirements;  there was 

Period 

(min) 

206.3 

210.0 

208.9 

211.6 

208.5 

207.5 

212.3 

130.5 

721.3 

500.6 

343.8 

190.8 

225.4 

very  little  evidence of serious  subsystem or 
component  degradation. The attitude  control 
subsystems of Lunar  Orbiters I, 111, and IV 
performed  nominally  during  the  extended  mis- 
sion.  Lunar  Orbiter I1 experienced  an  intermit- 
tent roll gyro  gimbal  hangup,  and  an  apparent 
anomaly in the closed-loop  electronics.  Lunar 
Orbiter  V  experienced  excessive gyro  drift 
rates and a deadband  anomaly.  While  these 
anomalies  presented  operational  difficulties, 
they did not  prevent  the  spacecraft from accoln- 
plishing  any of the  extended-mission  objec- 
tives. 

The star trackers of Lunar  Orbiters 11,  111, IV, 
and  V  operated  satisfwtorily  throughor~t  their 
extended missions. The Lunar  Orbiter I11 and IV 
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1 
Table 6-6: Subsvstem  Performance 

Mis 

Subsystem I 

ittitude 
control 

Zommuni- 
cations 

'ower 

'hoto 

Structures 
md 

Performance nominal 
(high  operating 
temperature).  Severe 
star tracker glint. 

Fluctuating helix 
current in TWTA. 

Shunt regulator 
failure  (occurred 
during  prime  mission). 

xninal. 

IThermal control coating 
degradation.  Camera 

nechanisms 
failed. 
thermal door motor 

Jelocity & 
.extion 

Nominal. 

:ontrol 

I1 

Intermittent roll 
gyro gimbal hangup. 
Roll deadband shift 
(one time). 
High roll drift. 

Surious-command 
reception. 
TWTA failure during 
prime mission pre- 
vented  extended- 
mission video. 

Shunt regulator 
current leak. 

Internal 
pressurization lost. 

Thermal control 
2oating degradation. 
Camera thermal door 
Failed. 

Nitrogen leakage across 
shutoff squib valve. 

1 on 

I11 V IV 

Star map signa 
degrad a t '  1011. 

.1 

degradation. 
Star map signal 
Performance nominal. 

Vominal. 
Spurious command. 

Nominal. 

Shunt regulator 
:urrent leak. 

Nominal. 

High-voltage 
tion of readout  looper lower  transformer 
Intermittent malfunc- 

prevented film iilure. 
advance - abnormal 
encoder  operation. 

Gyro  drift rates 
(roll and  yaw) ex- 
ceeded  design limit. 
Pitch-plus thres- 
hold  detector 
triggered  below 
spec level. 

Nominal performance 
Transponder rf power 
variation within 80 to 
90°F temperature 
range  noticed after 
lunar  eclipse. 
Spurious  command. 

Shunt regulator 
current  leak. 

Film  parted at film 
to leader  splice 
during  prime mission. 

Il~ermal control 
trol due to use of :oating degradation 

Improved  thermal con Improved  thermal  con- 

optical solar reflectors optical solar reflectors. 
trol due to use of 

qitrogen leakage 
shutoff squib valve. cross shutoff squib 

Nitrogen  leakage Nitrogen leakage across 

squib valve. d v e .  
across shutoff 



trackers  experienced  star-map  signal  degrada- 
tion,  although  not  sufficient  to affect their  mis- 
sions. The star  tracker of Lunar  Orbiter I con- 
tinued to experience  severe  glint  during  the ex- 
tended mission. The  star trackel's of Lunar 
Orbiters 11, 111, IV, and V also  continued to ex- 
perience  glint,  but to ;I lesser  degree,  during 
their  extended  missions. The operational 
procedures  developed  during  the  primary mis- 
sions  were  successfully  used to minimize  the 
problem. 

The  communic~~tio~~s  subsystem of Lunar 
Orbiter I met a11 mission  recluirements  during 
the  extended  mission, i n  spite of continued 
fluctuiiting  helix current  in  the  TWTA  and  a 
temporary  drop in bus voltage  causing  the  trans- 
ponder  either  to  cease  operation  or  to  output 
i very  low  power  signal.  Data  indicated  that 
the  performance of Lunar  Orbiter 1's communi- 
cations  subsystem  was  normal  down  to 17.6 
volts, which is 3.8 volts below  the  component- 
specification  minimum  requirement.  The  com- 
munications  subsystems of Lunar  Orbiters 111, 
IV, and V operated  nominally  throughout  the 
extended  missions of those  spacecraft.  Multi- 
spacecraft  control  procedures  were  developed 
to minimize  reception of spurious  commands 
by  passive  spacecraft such as  occurred  with 
Lunar  Orbiter 11. These  procedures  consisted 
primarily of a  judicious  selection,  based on the 
current  orbital  geometry, of (1) the track syn-  
thesizer  frequency (TRACK SYNFRQ), (2) the 
D S S transmitter  power, and (3) the DSS trans- 
mitter  tuning  rate,  such  that  uplink lock would 
not be acquired on the  secondary  spacecraft. 

Power  subsystem  performance was generally 
normal during  the  extended-mission  periods, 
with  adequate  electrical  power  being  provided 
to  the  spacecraft  during  all  maneuvers  and  Sun 
occult  periods.  However,  the  power  subsystem 
of Lunar  Orbiter I began  the  extended mission 
operating with an  excessive  nighttime  load 
caused by  a  fault i n  a shunt  regulator  transistor 
during  the primary  mission. In  addition,  the 

battery  temperature was higher  than  desired 
due  to  the  high  operating  temperatur& of the 
equipment-mounting  deck.  Under  these  condi- 
tions  the  early  decay of the  battery  was  a  normal 
characteristic  and was one of the factors leading 
to  the  decision  to  terminate  the  Lunar  Orbiter I 
extended  mission  prior  to  the  launch of Lunar 
Orbiter 11. Nighttime  leakage  current  through 
the  shunt  regulator  was  experienced  by  Lunar 
Orbiters 11, 111, and V but  had  no  effect  on 
extended-mission  objectives. 

Telemetry  data  analysis of the  photo  subsystems 
during  the  extended-mission  periods  was  pri- 
marily concerned  with  the  environmental  con- 
trol performmce  except for special  experiments 
and  exercises  listed  in  Table 6-1. Analysis 
showed  the leakage  rate from pressurization 
systems  to be very  low.  However,  the  photo 
subsystem  internal  pressure for Lunar  Orbiter I1 
began to decrease  rather  rapidly  some  time  after 
Day 224 and  reached  essentially  zero  psi by  
Day 253. It was assumed  that  the loss of pressure 
was caused  either by  21 small  micrometeoroid 
puncture of the  photo  subsystem  shell  or  by 
development of 21 small crack in a  weld  seam  or 
around  the  window,  probably  due to thermal 
cycling. A short  circuit  in  the  power  transformer 
secondary  terminated efforts to  advance film 
i n  Lunar  Orbiter 111. Since  the film to be moved 
had been read  out  previously, the  failure did 
not affect mission  operations. 

The  structure  and  mechanisms  systems,  except 
for thermal  control  paint,  performed  within 
design  limits.  Deterioration of thermal  control 
coatings  required off-Sun attitude  operation to 
maintain  thermal  control  and  retard  paint 
deterioration.  The  addition of mirrors to  Lunar 
Orbiters IV and V covering  20  to 30% of thermal 
control  surfaces  resulted  in  a  thermal  improve- 
ment of 25"F, but  continued  deterioration of 
the  thermal  paint  still  required off-Sun opera- 
tion.  Lunar  Orbiters I and I1 experienced  camera 
thermal  door  motor  failures. In both  cases  the 
failure is attributable  to  anomalous  commands: 
a  wrong sequence of commands for Lunar 
Orbiter I and  a  scrambled  programmer  memory 
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resulting  in  a  door-open  control  activation for 
Lunar  Orbiter II. 

The velocity and reaction  control  subsystems 
performed satisfactorily with no evidence of 
degradation  throughout  the  extended-  mission 
periods. Nitrogen'  usage was within  predicted 
limits  for  the  actual  nlaneuvers  and  limit  cycle 
modes  maintained.  Lunar  Orbiters 11,  111, IV, 
and V all experienced  slow  leakage across the 

CR-1142 NASA-Langley, 1968 - 31 

I I I  
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nitrogen  shutoff  squib  valve.  However,  this 
was not detrimental to the  missions. LLIIIX 
Orbiter V experienced an momdy  between 
January 26,  1968, and  Jmuary 29,  1968, result- 
ing  in  the  depletion of the  nitrogen  attitude- 
control gas to an unsatisfactorily  low  level. The 
cause of the  situation  could not be conclusively 
established.  However,  because of this de- 
pletion  the  spwecraft was nlaneuvered to a 
controlled  lunar  impact on January 31, 1968 
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TECHNICAL  REPORTS: Scientific and 
technical  information  considered  important, 
complete,  and  a  lasting  contribution to existing 
knowledge. 

TECHNICAL  NOTES:  Information less broad 
in  scope but nevertheless of importance  as a 
contribution to existing  knowledge. 

TECHNICAL  MEMORANDUMS: 
Information  receiving  limited  distribution 
because of preliminary  data, security classifica- 
tion,  or  other reasons. 

CONTRACTOR  REPORTS: Scientific and 
technical  information  generated  under  a  NASA 
contract or grant  and considered  an important 
contribution  to  existing  knowledge. 

TECHNICAL  TRANSLATIONS:  Information 
published in a  foreign  language  considered 
to merit  NASA  distribution  in English. 
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used by NASA  that may be of particular 
interest i n  commercial  and other non-aerospace 
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Technology  Utilization  Reports  and  Notes, 
and  Technology Surveys. 
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